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Side wear on rails and point tongues 
by A. JACOPS, 


Engineer, Belgian National Railways Company. 


To lay down limits to the side wear 
allowable on rails and point tongues is 
one of the most difficult problems in 
railway engineering, especially at a time 
when the economic factor demands first 
consideration in all branches of railway 
working. 

If formerly it was permissible to take 
a rail out of service long before the wear 
on it had reached the safety limit, it is 
of the utmost importance at the present 
time to pay much stricter attention to 
the phenomena met with at the point of 
contact between wheel and rail and to 
retain permanent way material in service 
as long as it is safe to do so. 


At one time, too, points — which are 
the parts of the permanent way most sub- 
ject to side wear — were run over on 


the diverging line almost uniformly at 
a speed of about 40 km. (25 miles) an 
hour; nowadays those having a diverging 
line taken at 120 km. (75 miles) an hour 
are by no means rare. It is true that the 
maximum speeds allowed, determined as 
a function of the curvature, always give 
rise to substantially the same effort on 
the outer rail, but the consequences of 
an accident — for it is against derail- 
ments that it is essential to guard — are 


eet 


decidedly more serious when traffic 
passes at high speed than when it is moy- 
ing at a relatively low one. 

It is really quite surprising to see, after 
a little thought on the subject, on what 
small factors the safety of running rests; 
it is not even a matter of a wheel flange 
(the depth of which may vary according 


to the R. I. C. — the agreed interna- 
tional standards on the subject — from 


25 to 36 mm. (1 in. to 1 7/16 in.)], but 
a very small point of contact, which dif- 
fers but little from the mathematical 
point. 

Regulations issued by the rolling stock 
department lay down normal forms and 
limits of wear allowable for wheel tyres. 

We will not dwell further on this here 
beyond recalling that paragraph 21/10 of 
the R. I. C. says that « the wheel flange 
must not be allowed to wear so much 
that it becomes a sharp edge ». 


As regards the maximum side wear 
permitted for rails and points, the di- 
versity of the regulations in force on the 
different railway systems shows how 
complex the problem is and that its ideal 
solution has not yet been arrived at. 

Following certain accidents in Belgium 
— fortunately few in_ number — the 


i” 
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National Railways Company also institued 
very thorough investigations, which led 
to the new regulations at present in force 
on its system, as reported below. 

On a first enquiry into the matter it 
becomes clear that the tendency of a 
wheel to mount the rail depends entirely 
on the frictional resistance at the point 
where the wheel flange touches the worn 


Fig. 1, 


face of the rail head, and that the danger 
is to be found in practice far more in the 
shape of this face than in the reduced 
amount of metal in the rail head. 

The characteristic elements constitut- 
ing a worn face in a cross section of 
rail are (Fig. 4): 


1. The height h; in our view there is 
no interest in setting a limit to this, be- 
cause the worn face is hollowed out by 
the passage of the wheels themselves and 
cannot therefore assume a form at va- 
riance with that of the wheel flanges; 


2. The depth p; in our opinion this 
does not, merely of itself, play any part 


in determining what degree of safety 
obtains; 


3. The offset f of the hollow in the 
worn face, which is generally concave; 
the practice of setting a limit to this, 
tried for a time on the Belgian railway 
system, gave no practical results and was 
particularly difficult to apply to point 
tongues. 


4. The degree of inclination « of the 
chord of the worn face with respect to 
the vertical (to simplify the discussion 
we will assume the track to have neither 
super-elevation nor gradient) ; this factor 
is of no use to us as such, for it is 
beyond dispute that, given the concavity 
of the worn face, the conditions of equili- 
brium sought for are not identical, but 
depend upon whether contact takes place 
in the upper or lower worn portion of 
the rail head. 

It is, however, of importance to analyse 
the behaviour of the forces acting on the 
rail at each point of the worn face and 
to consider, with respect to each one, 
only the factor really differentiating it 
from the others, namely the inclination 
of the plane tangent at that point. 

It would be useless to try and establish 
the precise point of contact on the wheel; 
indeed the special shape of the wheel 
flange and that which, in the course of 
time, the rail head assumes, taking the 
curvature of both into account, are so 
complex that such an investigation would 
be extremely laborious; it would also 
be necessary to add to it the effects due 
to variations in the curvature of the rail 
and the position, more or less oblique, 
taken up by the axle, all very uncertain 
factors in the case. 

A much simpler line of reasoning, how- 
ever, is able to bring us to a solution of 
the problem : seeing that a wheel, by sup- 
position, bears against a rail by its flange, 


May 1940 


especially during a possible climbing 
movement, there is always some point of 
contact on the side face of the rail. The 
common plane tangent at this point pos- 
sesses a degree of inclination defined by 
the tangent at the same point, on the 
contour of the transverse section of the 
rail. We have from now on only to 
consider the cross sectional shape of the 
rail, whether the plane of the axis of the 
axle passes through it or not. 

Let us suppose that a new wheel is run- 
ning in a normal manner, but with the 


Telnaes 


flange making contact, on a new rail 
(Fig. 2); the sections we have chosen 
for illustration are those in use in Bel- 
gium. The sketch shows that the con- 
tact between flange and rail is made at 
an inclination of 32 1/2°. Should the 
interaction of the various forces cause 
the flange to ride up against the rail the 
contact would then take place following 
the conicity of the flange, which in trans- 
verse section appears as an_ inclined 
straight line set at approximately 30° to 
the vertical. 

Experience proves that no disadvantage 
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results from this; it even appears little 
probable that the axle could ever rise 
sufficiently to make the angle of contact 
become less than 32 1/2°. 

Bold as the statement may appear at 
first sight, our colleague Mr. G. Mounart, 
who was associated with us in these in- 
vestigations, pointed out that if a new 
tyre has a face inclined at 30° the rail 
may be allowed to wear until its worn 
face reaches an equal degree of inclin- 
ation. Nevertheless one is led to ask one- 
self whether this figure may be exceeded 
and, if so, to what extent; this remains 
to be proved by calculation. 

Let us suppose that we have a rail, the 
concave worn surface of which has 
clearly exceeded, at its lower portion, the 


Fig. 3. 


permissible limits of inclination, and a 
wheel which has started to climb (fig 3). 
Starting with an angle of inclination 
«, the wheel would successively encoun- 
ter tangent planes less and less inclined 
to the vertical («,, «,); the degree of 
inclination «, of the chord of the worn 
face is but a very rough average of these 
figures. It is logical to admit that if a 
certain limit of inclination were to be 
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reached and passed, the wheel would 
cease to bear against the rail and would 
tend to fall back on the track. From 
this we conclude that if the tangent plane 
at the upper edge of the worn face pre- 
sents an inclination «, inferior to the 
limit stated above, the danger of climbing 
exists no longer, whether rails or point 
tongues are in question. 

The degree of safety obtaining may be 
determined by calculating the value of 
the co-efficient of stability against slipp- 
ing, that is to say the relation n between 
the force T, which tends to produce slipp- 
ing along the worn face inclined at an 
angle o, of any value, and the frictional 
resistance F, acting in opposition (Fig. 4). 


Vig. 4, 


R is the resultant of the weight P of a 
loaded wheel and the transverse effort Q 
acting on the rail. 

The inclination of R with respect to 


the vertical is expressed by tan => 
and its inclination with respect to the 
worn face is given by the angle (a + 8), 
Its component perpendicular to the face 
N = R sin («@ + 6), and its tangential 
component is T = R cos (a + f). 
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Finally the frictional force is F — N 
tan ©, where o represents the angle of 
friction. 


TI T - Reos(a+ B)_ 
Se oa ime fan6 
__ eos fa, = B) 
~~ R sin (¢+8) tan o 
cot ¢ coto(1 — tan «tan B) 
~ tan(atB)  ~— tang, + tan B 
Now it may be admitted that tan 
o = 0.25 and cot ¢ = 4. On the other 


1 


hand, if we take the characteristics of a 
Belgian Class 10 locomotive as a basis, we 
have P — 11.2 tonnes and Q — 10 tonnes, 
so that 


tan Bs Sa oo 


From all of which follows that 


_ 4(4 — 0.893 tan a) 
,tan @ + 0.893 


and the equilibrium between opposing 
forces (n = 1) will be obtained when 
the value of the angle @ is 34° 10’. 

The application of the theory set out 
above is possible only in so far as we 
have at our disposal some practical means 
of fixing with exactness the inclination 
of the tangent plane at any point on the 
surface of the rail section. 

Means of doing this were found by 
making a material representation of the 
plane tangent to a cylindrical surface 
(the curvature of the rail is left out of 
account, being negligible with the length 
concerned when measuring) : the limit 
constituted by a secant plane passing 
through two adjacent generating lines 
brought almost into contact. A straight- 
edge was made, having faces accurately 
parallel, one of them bearing two ribs of 
equal height spaced 10 mm. (25/64 in.) 
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Fig. 6. 
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apart; if these ribs are applied to the 
worn face in accord with two generating 
lines, they serve to determine a secant 
plane which may be taken to represent, 
without appreciable error, the true tan- 
gent plane; it should be pointed out here 
that the curvature of the worn face is 
generally very small in its upper part 
and that any error made is always on 
the safe side, on account of the con- 
cavity of the surface. The inclination 
being thus fixed, it is sufficient to place 
behind the straightedge a graduated cir- 
cle, the zero mark being placed perpen- 
dicular to the plane of the track, to enable 
the degree of wear to be read off, 

The complete measuring apparatus is 


Fig. 


BULLETIN OF THE INT. RAmLWAy CONGRESS ASSOCIATION 


May 1940 


shown in Fig. 5; the method of using 
it, in Fig. 6. It will be noted that in 
spite of the introduction of all possible 
improvements (enlarged foot, electric in- 
sulation, reading off from above), the 
maker has taken care to make the 
straightedge independent, in order to be 
sure that, free from mechanical attach- 
ments, it bears perfectly freely against 
the rail and gives the inclination of the 
worn face correctly; it will also be notic- 
ed that the graduated circle is made to 
slide, to enable the operator to bring the 
centre of the circle, represented by the 
edge of a cube, carefully into contact 
with the straightedge. 

There is also a simpler form of this 


“I 
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device; instead of a graduated circle it 
has a face plate on which a sheet of 
paper is fixed; the inclination of the 
plane tangent to the face is drawn on 
this paper by means of a pencil (Fig. 7), 
and the reading is done by means of a 
protractor, starting from the set of ver- 
tical lines previously marked on the sheet. 
This less expensive form of the device is 
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It is found, when making observations 
on the permanent way,.that the wear of 
the rails on the Belgian lines seldom ex- 
ceeds 25°. It is different, however, with 
point tongues, which have been made the 
subject of extended enquiry. 

The table below combines the results 
of 8500 measurements taken on single 
point tongues. 


| Less than 
30” 


Degree 


a yo 
of wear. | s 


Percentage. | 95-64 % | 1.64% | 1.02 % 
Co-efficient 
of stability. — 32 1.24 


SS 


: ee : ‘3 More than 
o 90 220 o - o 
31 | ate | 33 | 34 | 35 350 
0.53 % 0.47 % 0.27 % 0.15 % 0.28 % 
1.09 EO? 0.94 = 


cesler 


intended for use by those members of 
the staff who have only to make a few 
measurements at a time, while the type 
with the graduated circle is for taking a 
large number of direct, rapid readings. 


On the basis of these figures the Bel- 
gian National Railways Company has 
decided to adopt 52° as the limit of side 
wear on the main lines and engine lines, 


and 34° for subsidiary lines. 


Electrification of the Paris-Irun (Spain) line. 


Completion of the final section, from Tours to Bordeaux, 
by Jacques DUMAS, Ingénieur EH. S. E. 


(Le Génie Civil.) 


The commencement of electrical oper- 
ation on the Angouléme-Bordeaux line 
on the 19th December 1938, marked the 


completion of the last section, from 
Tours to Bordeaux, of the main-line 
from Paris to the Spanish frontier 


(Irun) ; the first two portions of this 
section (Tours-Poitiers and _ Poitiers- 
Angouléme) were put into commission 
in 1938, on the 17th June and 5th July 
respectively. The electrification of the 
other sections of the line was completed 


as follows: Paris-Orleans, 1926; Or- 
léans-Tours, 1933; Bordeaux-Dax, 1927; 
Dax-Hendaye, 1926; and Hendaye-Irun, 
1929 (). 

It is thus possible for trains to be 
hauled by electric locomotives (fig. 1) 


(1) The electrification of these various sec- 
Oivil 
issue of 


has been described in the Génie 
as follows: Paris-Orléans, in the 
December 25, 1926; Orléans-Tours, on July 29, 


1933, and Bordeaux-Hendayve on July 30, 1927. 


tions 
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Fig. 1. 


for the whole distance from Paris to 
Trun (824 km. = 512 miles), which is 
the longest electrified line in Europe, 


and one of the longest in the world. 

In this article we propose to give an 
outline of the development of electrifi- 
cation in France, with especial reference 
to the Orléans and Midi Systems, which 
to-day form the South-Western Region 
of the French National Railways Com- 
pany; then to describe the power supply 
arrangements provided for this Region 
and, finally, to mention the main feat- 
ures of the Paris-Irun electrification, 
especially as regards the Tours-Bor- 
deaux section, which has benefited from 
the experience gained in the operation 
of the previous sections. 


Historical survey of electrification 
on the French railways. 


The development of electric traction 
on railways in France has taken place 
in two stages separated by the 1914-1918 


— Paris-lrun electrification. 
for express services, built by Messrs. Cie, Electro-Mécanique. 


4 000-H.Pp. 2 D 2 locomotive 


war, each characterized by 
different tendencies : 

1. Before the 1914-1918 war, the ini- 
tiative for electrification was left to the 
Railway Companies, who in this way 
electrified a total of 243 km. (151 miles) 
of line on various systems of traction, 
of which 22 km. (13.7 miles) was on 
the Orléans Railway, and 169 km. (105 
miles) on the Midi. 

9 


entirely 


This state of affairs was changed 
completely by the 1914-1918 war. Ac- 
tually, France only produces 50 million 
tonnes of coal per year, whereas the year- 
ly consumption is 70 million tonnes. It 
is therefore necessary to import 20 mil- 
lion tonnes, a considerable portion of 
which is consumed by the Railways, 
who have special need of it, since it is 
advisable to burn the majority of French 
coals mixed with a certain proportion of 
foreign coal. 

The very high price of coal during 
the 1914-1918 war and, above all, the 
appreciable difficulties experienced in 
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satisfying the demands of consumers on 
account of the occupation of the greater 
part of the French mining districts, 
compelled the Government, in 1917, to 
lurn its attention to making general use 
of the considerable sources of hydraulic 
power available in France, especially 
for traction purposes. In 1919, the Rail- 
way Companies, at its invitation, pre- 


sented a general electrification pro- 
gramme covering nearly 9000 km. 
(5 600 miles) of line, of whiéh 2540 km. 


(1580 miles) were on the Orléans 
System, and 3150 km. (1 960 miles) on 
the Midi. 


VLE Tighe 
ye -Ouest Wy 0 
Kae ’ Bi as, 
LLP 0-Midi 
Vig? (lee 
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the electrification schemes drawn up by 
the Railway Companies. As a result, an 
additional 3112 km. (1934 miles) of 
line was electrified, 978 km. (608 miles) 
of which on the Orléans System, and 
1696 km. (1054 miles) on the Midi. 
These extensions have increased the 
annual consumption of electrical power 


on the French main-line railways to 
650 million kilowatt-hours, which has 


meant a saying of more than one- and-a- 
half million tonnes of coal per year. 
Electrical operation accounts for 35 % 
of the total traffic on the former Orléans 
System, 70 % on the former Midi System, 


Ouest ¢. N4% | s 
Etat) ‘ U- Allemagne 
ae (PLD ZAn leterre Io 
+ 6.4% 3 Ve 
Fig. 2 Fig. 3 big. -L 
Figs. 2 to 4. — Proportion of lines electrified in France, in Europe and in the world. 
Beplanations of French terms in : 
Fig. 2. — Sud-Ouest, ete. = South-Western Region (former Paris-Orléans and Midi Railway Companies).— 
Ouest (Etat) = Western Region (former State Railways). — Sud-Est = South-Eastern Region 
(former P. L. M. Rys.). 
Fig. 3. — Suéde = Sweden. — Suisse = Switzerland. — Allemagne = Germany. — Angleterre = England, — 
Autres pays = other countries. 
Fig. 4. — Btats-Unis = U. S. A. 
At this point it became obviously ne- and 50 % of the whole traffic on the 


cessary to standardise the system of 
electrification to be adopted. For this 
purpose the Government set up a spe- 
cial technical committee which, after 
making a close study of the various 
systems in use both in Europe and 
America, declared in favour of direct 
current at 1500 volts. This choice was 
confirmed by a Ministerial Decree dated 
August 29th, 1920 (2), which at the same 
time adopted without much alteration 


(2) The reasons which led to the choice of 
1 500-volt direct current have heen set out 
in the issue of the Génie Civil for 23rd April 
1921. 


two systems together. 

At the present time the total length 
of electrified lines in France amounts 
to 3355 km. (2085 miles) of which 
there are 1000 km. (621 miles) on the 
former Orléans System and 1865 km. 
(1159 miles) on the former Midi Rail- 
way, or 14 % and 43 % respectively of 
the total length of line on the two Rail- 
ways. The South-Western Region of 
the French National Railways Company 
which has replaced the former Orléans 
and Midi Railways since January Ist, 
1938, has therefore a total of 2865 km. 
(1 780 miles) of line electrified, or 25 % 
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of its whole length, and 87 % of the between Villefranche-de-Conflent and 


total length of electrified track in 
France (fig. 2). 

In short, France owns 19 % of the 
lotal length of electrified lines in 
Europe, amounting to 18500 km, (11 496 
miles) (fig. 3); it therefore takes second 
place among the countries of Europe, 
close to Italy, which occupies the first 
place with 21.5 %. Finally we may 
observe that Europe possesses 72 % of 
the world’s electrified lines (fig. 4). 
against 28 % in the United States. 


Development of electric traction on 
the Orléans and Midi Railway Systems. 


The two stages mentioned above may 
be noticed in this development also. 

1. Before the 1914-1918 war, the Or- 
léans and Midi Companies only used 
electric traction to meet local operating 
conditions, for heavy traffic, or for 
working hilly sections of line. 

To take an example, in 1900 the Or- 
leans Company adopted the 600-volt 
D. C. system with third rail for oper- 
ating their trains on the new line just 
constructed in Paris, almost wholly un- 
derground, to transfer the Austerlitz 
terminus to the more centrally situated 
Orsay Station (3). In 1904 the Com- 
pany extended this system of traction 
to the suburban lines between Auster- 
litz Station and Juvisy (18 km. = 11.2 
miles), where traffic is particularly 


heavy. However, investigations carried 
out in 1910 showed that the electrifi- 
cation of lines with current generated 


in steam power stations did not produce 
sufficient operating economies to war- 
rant the considerable capital expendit- 
ure required for the scheme. 

As regards the Midi, this Company 
had intended since 1902 to use electric 
traction on the metre-gauge mountain 
line which was to be constructed 


(3) The extension of the line between Aus- 
terlitz and Orsay stations was described in 
the issue of the Génie Civil for 25th January, 
1902, 


Bourg-Madame (56 km. = 34.8 miles) 
in French Cerdagne (‘). As a matter 
of fact, this method of operation was the 
only one possible on this line, on 
account of the long 1 in 17 gradients 
which it contains. The construction of 
this line was considerably delayed for 
various administrative reasons, but it 
was finally put into commission in 
1910-11 with the third rail system at 
850 volts D. C., and is still working at 
the present time unaltered. The adop- 
tion of electric operation was also decid- 
ed in the same way for the two lines 
across the Pyrenees, from Oloron_ to 
Canfranc by the Somport, and from 
Ax-les-Thermes to Puigcerda by the 
Puymorens, the concession for which 
was taken up in 1907 by the Midi Com- 
pany; these lines have gradients as steep 
as 1 in 23: 

Moreover, in their desire to take ad- 
vantage of the particularly abundant 
sources of water-power in the Pyrenees, 
which border all the southern portion 
of their System, the Midi Company em- 
barked on a large-scale electrification 
scheme in 1908, covering 950 km. (590 
miles) of line; this scheme was authoris- 
ed by the Act of 17th July, 1908, and the 
Decree of 8th June, 1910. However, be- 
fore proceeding with this scheme the 
Company thought it would be as well 
to try out the single-phase system of 
electrification at 12000 volts, 16 2/3 
cycles, with overhead contact line, 
which had given such excellent results 
abroad, in particular in Switzerland, and 
it was decided to electrify the standard- 


gauge line from Perpignan to  Ville- 
franche (5) (46 km. = 28.6 miles) on 


this system. This line was opened in 
1913 and is still operating with excel- 


(4) The line from Villefranche-sur-Tét to 


Bourg-Madame was described in the Génie 
Civil for 4th and llth May, 1912. 
(5) The line from Perpignan to Ville- 


franche was described in the Génie Civil for 
28th December, 1912, and 18th January, 1913. 
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lent results on the same system, with 
the original rolling-stock. These en- 
couraging results induced the Midi Com- 
pany to adopt this system for the elec- 
trification of various branches of their 
Pau-Montréjeau line in the direction of 
the Pyrenees, and when the war broke 
out (1914), electric working was in 
operation on three of these branches, 
totalling 67 km. (41.6 miles) in all. 

2. After the 1914-1918 war, in order 
to conform with the Government cir- 
cular of 29th August, 1920, which made 
the use of 1500-volt D. C. compulsory 
and approved the electrification pro- 
grammes drawn up by the Companies in 
1919 at the invitation of the Government, 
the Orléans and Midi Railways, whose 
electrification projects extended over 
2540 km. (1578 miles) of lines and 
3150 km. (1 957 miles) of track, had to 
convert their existing equipment in ad- 
dition to proceeding with the electrifi- 
ation of additional lines (fig. 6). 

Thus it came about that after con- 
sidering the electrification of their 
mountain lines in the « Massif Central », 
the Orléans Company from 1924 to 1926 
electrified the heavily loaded section 
from Juvisy to Vierzon, with the branch 
from Brétigny to Dourdan, and in addi- 
tion converted the former third-rail 600- 
volt D. C. equipment on the Paris-Juvisy 
line. Electric operation was afterwards 
introduced on the Orléans-Tours section 
in 1933, and from Vierzon to Brive in 
SO: 

For their part the Midi Company first 
converted the few branches running 
towards the Pyrenees from the Pau- 
Montréjeau line, which had been equipp- 
ed before the 1914-1918 war on the 
single-phase 12 000-volt system, and then 
proceeded from 1922 to 1931 to elec- 
trify the line from Toulouse to Dax and 
Bayonne as well as all the Pyrenees 
branches, and also the Bordeaux-Irun 
line with the Lamothe-Arcachon branch. 
These were followed by the Beéziers- 
Neussargues section in 1932, the Bor- 
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deaux-La Pointe de Grave line in 1934, 
and that from Montauban to Sete in 
1935. 

Finally, in 1938, the South-Western 
Region of the French National Railways 
Company extended electric working to 
the Tours-Bordeaux line, thus connect- 
ing the already-electrified Paris-Tours 
and Bordeaux-Irun sections, and enabl- 
ing trains to be worked electrically from 
Paris right to the Spanish frontier. 


Power supply for the South Western Region 
of the French National Railways Company. 


The arrangements for the supply of 
power for traction purposes have been 
developed in a manner similar to the 
electrification schemes, and here again 
two stages are noticeable : 

1. Originally, the use of electric trac- 
lion was confined to particular cases 
which concerned quite short portions of 
line, and so the Railway Companies 
were satisfied to provide independent 
power supplies for their various elec- 
trified lines. 

For instance, the Orléans Company 
constructed the Quai de la Gare power 
station, in Paris, to supply their Paris 
suburban lines electrified on the 600- 
volt D. C. system. This is now been con- 
verted into a sub-station. 

For its part, the Midi Company built 


on the Tét two hydro-electric power 
stations, La Cassagne (3 200 kW.) and 


Fontpédrouse (2 200 kW.), for feeding 
the 850-volt D. C. line from Villefranche- 
de-Conflent to Bourg-Madame and_ the 
12 000-volt single-phase 16  2/3-cycle 
line from Perpignan to Villefranche 
respectively; these power stations still 
supply these two lines under the same 
conditions. 


2. After the 1914-1918 war, the ex- 
tensive railway electrification recom- 
mended by the Upper Council for 


Public Works was to be the first step 
towards the general electrification of the 
country, rendered possible by the pro- 
eress made in methods of high-tension 
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power transmission over long distances. 
In particular, the generating stations 
required had to be so laid out and de- 
signed that the maximum possible use 
was made of the available sources of 
hydraulic power, and the energy gen- 
erated had to be distributed not only 
to the railways, but also to consumers 
with needs of a different kind, such as 
industrial and power supply companies. 
The arrangements for feeding the rail- 
ways had therefore to be considered 
under two heads : firstly, generation in 
power stations which as far as possible 
should be hydro-electric; and secondly, 
transmission over long distances by 
means of a system of high-tension lines, 

There is considerable difference in the 
methods adopted by the Orléans and 
Midi Companies in this connection, and 
we shall consider them separately. 


Power supply for the Orléans System. 


To meet its own power supply requi- 
rements the Orléans Company has turn- 
ed to the sources of water power in the 
« Massif Central ». First of all, in con- 
junction with the « Union d’Electricité », 
an associated company, the « Union hy- 
droélectrique », was formed to build the 
Eguzon power station (50000 kW.) on 
the Creuse (*); then the Company itself 
constructed the Coindre station (24 000 
kW.) on the Rhue, a tributary of the 
Dordogne, and the Mareges — station 
(128 000 kW.) on the Dordogne (7). The 
main features of these power stations 
are given in Table I. 

Finally, in order to make up for irre- 


gularities in the flow of the rivers in 
the Massif Central, where the lowest 
water level occurs in Summer, these 


generating stations were inter-connected 
with the steam power stations in the 
Paris district, where there is appreciable 


(6) The Kguzon power station was desecrib- 
ed in the Génie Civil for 3rd July, 1926. 

(7) The Maréges power station was deserib- 
ed in the Génie Civil for 7th July, 1934 and 
26 October .1935. 
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Fig. 5. — Details of electrification 
in the Paris district. 
Note. — Echelle = scale. — Vers le Massif Central 


= to the « Massif Central ». 


current available in Summer on account 
of the reduction of load on the power 
distribution systems fed from them. 
This was achieved by the construc- 
tion of a 220-kY. transmission line (8), 
422 km. (262 miles) long, (figs. 5 and 6), 
between the transforming stations of La 
Mole, near the Maréges power station, 
and Chevilly, near Paris, via the trans- 
forming stations at Eguzon, near the 
Eguzon power station, and Chaingy, near 


Orleans. The main features of these 
transforming stations are given in 
Table Il. This main transmission line 


was then duplicated by a second 220-kY. 
line constructed by the « Société pour 
le Transport de VEnergie du Massif 
Central » between the La Mdle and 
Chaingy stations, and by the « Union 


(8) The 220 000-volt transmission system 
hetween the «Massif Central » and Paris 
was described in the Génie Civil for 10th 
December, 1932, 
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WElectricité » between Chaingy and 
Chevilly. 

These two principal 220-kV. lines have 
a total capacity of 100000 kW. They 
receive energy from a number of gener- 
ating stations and supply various 90-kY. 
lines which distribute supplies to sub- 


stations on the different electrified 


routes. The system is completed by two 
90-kV. lines between Chevilly and La 
Martinerie substation, near Limoges, 


thence by a single line to La Mole; these 
lines also feed the traction substations 
on the Paris-Brive railway line. 
Chevilly is connected to the 60-kY. 
underground network supplied by the 
various steam generating stations in the 
Paris district (°) : Gennevilliers (220 000 
kW.) and Arrighi (200 000 kW.), belong- 
ing to the « Union d’Electricité »; Saint- 
Denis I (60000 kW.), Saint-Denis II 
(150.000 kW.) and Ivry (60000 kW.), 
worked by the « Société d’Electricité de 
Paris et de la Seine »; Saint-Ouen 
(250 000 kW.) and Issy (130000 kW.), 
belonging to the « Compagnie parisienne 
de Distribution d’Electricité ». The 
Eeguzon transforming station is connect- 
ed by 10500-volt lines to the Eguzon 
power station (50000 kW.) of the 
« Union hydroélectrique »; La Mole is 
connected by 90-kV. lines to : Coindre 
(24 000 kW.) owned by the Orléans Com- 
yvany; Roche-le-Peyroux (30000 kW.) 
owned by the « Société des Forces Mo- 
trices de la Diége »; Lamativie (29 000 
kW.) and Laval-de-Cére (25.000 kW.) 
owned by the « Société hydroélectrique 
de la Cere »; and to the Orléans Com- 
pany’s station at Maréges (128 000 kW.), 
to which it is also connected by two 
22(-kV. lines. Finally, the main double 
22()-kV. line has been extended by the 
addition of two 220-kV. lines construct- 
ed by the « Société de Transport de 
Energie du Massif Central » between La 
Mole and Rueyres transforming stations. 
At the latter terminate the 220-kV. lines 


(9) Detailed descriptions of these have 
appeared in the Génie Oivil. 
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from the Sarrans (102000 kW.) and 
3rommat (175 000 kW.) power stations 
belonging to the « Société des Forces 
Motrices de la Truyére » (%). 

This inter-connection between the hy- 
dro-electric stations of the « Massif 
Central » and the steam stations in the 
Paris district provides the Orléans Com- 
pany with two sources of supply pos- 
sessing all the safeguards to be desired; 
in addition, the power stations in the 
« Massif Central » are furnished with 
storage reservoirs of considerable size, 
and are able to provide supplies not only 
for traction purposes, but also for con- 
sumption peaks in the Paris district. For 
this reason some of the power stations 
in the « Massif Central » have been con- 
siderably over-equipped : for instance, 
Mareges, the last station built by the 
Orléans Company, has been equipped for 
an output of nearly four times the aver- 
age output available. 

To ensure the satisfactory operation of 
this group of inter-connected power sta- 
tions (1), a central control has been 
Set Up iny Paris ate tnemonniCesmormst ie 
« Union d’Electricité », 3, rue de Mes- 
sine; this organisation controls the work- 
ing of the hydro-electric stations, appor- 
lions the load between the latter and 


the steam stations and maintains con- 
stant frequency. The reactive power 


necessary for voltage and power factor 
regulation is provided at La Mole trans- 
forming station by the alternators of 
Maréges; at Eguzon by those of Eguzon 
generating station; and at Chaingy and 
Chevilly by synchronous compensators, 
details of which are given in Table TI. 


Power supply for the Midi System. 


The Midi Company has drawn on the 
sources of water power in the Pyrenees 


(10) The Brommat and Sarrans power-sta- 
tions were described in the Génie Civil for 
17th September, 1932 and 24th June, 1933. 

(11) Cf. Génie Civil, 8th January, 1938, for 
an article on the workine of this intereon- 
nection. 
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Particulars of transforming stations of the South-Western Region 


of the French National Railways SERS, 


Groups of 3 single-phase transformers. Synchronous compensators 
Stati Weeds P Soviet D = . | 
Station. . D Capacity Total SN 2 Capacity | Total 
Voltage. @ | was . s Z| per 
= group. | Capacity.) = | machine. | capacity. 
7 = A 
SSS li SSS 
kV. kVA. kVA. kV, Reactive | Reactive 
La Mdle 220-90) 2 60.000 | 120.000 kVA, kVA, 
2 22()_9()- . ‘ ‘ 
Beuzon 220-90-10.5 1 30.000 30.000 
5 90-10.5 3 24 000 72.000 | 
: § 220-90-6.6 1 40. 000 40 000.) 2 
Chaingy Beer tn i l 20 000) 
=k “1 90-6.6 1 20 000 20 000 5 9% 2 10000 { 40 000 
aT ae 220-60-1] 3. | 75000 | 225000 } 
Chevilly : : 22 ( 5 Bye 
& & fo} 90-60 ) 25 N00 50 000. | 1] 3 45 000 135 000 
150-60-6.6 2 20 000 40 000 
Jaseane 4 <= > = ‘ 7 
Pessac . ea 180-00 ; 25.000 | 25.000 6.6 2 15 000 30 000 
Dax 150-60-6.6 1 20000 | 20000 | 6.6 2 8 000 16 000 
Laruns 150-60 2 | 20000 40 000 
| 
oe tierer 150-60-1] 1 | 30000 30 000 | 
4 : 150-60 1 20 000 20 000 
150-60-11 Lee OLO00 30 000 | ] 30 000 130 000(*) 
f at-Sa Ss =H.AN_R Pe 
BEES SEN ae 150-60-6.6 1 20000 20 000 | 6.6 2 8 000 16.000 
. oad | — 
Saint-Victor : | 150-60 1257000 25 000 
(*) This compensator is unusual in that it operates in hydrogen and is of the outdoor 
type. See article in Génie Civil for 7th April 19384, p. 325. 
for its electrical energy (1?) : the first main features of these are given in 
generating stations to be constructed Table I. 
Tara _ = T > De aries . . x 
were Soulom (14400 kW.) on the Pau In addition, the Midi Company con- 


and the Cauterets mountain torrents, and 


Eget (24 500 kW.) on the 


plan; next came 
Miegebat 


ation in the 
subsidiary 


(35 000 
(21 000 kW.), arranged in 
Ossau 
company, 


Hourat 
kW.), 


valley; 
the « 


and 
cascade form- 
moreover, 


Neste de Con- 
(35 000 kW.), 


Artouste 


a 


Société hy- 


droélectrique du Midi », was formed by 
the Midi to build the Lassoula (11 100 
kW.) and Tramezaygues (16000 kW.) 
power stations on the Neste de Cailla- 
ouas and the Neste de Lapez (1). The 


(22) The Midi Company’s generating sta- 
tions were described in Génie Civil for 21st 
and 28th September 1918, 25th August 1923, 
6th August 1927, and 4th August 1928. 

(13) Trame zayeues and Lassoula power sta- 
tions were described in the Génie Oivil for 
4th Mareh 1938. 


structed a 150-kV. power transmission 
system, comprising (fig. 6) firstly, two 


lines between the transforming stations 
of Laruns, near Hourat power station, 
and Pessac, near Bordeaux, via Jurancon 
sectioning point, near Pau, and Dax 
transforming station; and secondly, a 
single ine between Jurancon and Saint- 
Victor transforming station, near Millau, 
via the transforming stations of Lanne- 
mezan and Portet-Saint-Simon, near Tou- 
louse, between which two latter points 
it is duplicated by a second 150-kV. line. 
Each of these lines has a capacity of 
50000 kW.; they take supplies from a 
large number of generating stations and 
feed the substations through 60-kV. dis- 
tribution lines. The main details of the 
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Fig. 6. — General map showing electrification of the South-Western Region of the 


French National Railways Company, ba ed on a more detailed map prepared by 
the « Cie Electro-Mécanique », under the direction of Mr, Garnier. 
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Heplanation of French terms in Fig. 6 : 

Legende commune aux figures 5 et 6 = references common to figs. 5 and 6. — Lignes de chemin de fer 
électrifiées = electrified railway lines. — Lignes dont Vélectrification est projetée = lines proposed for 
electrification. — Lignes a 220 kV. et 150 kV. appartenant A la S. N, G. F, = 220-kV. and 150-kV. lines 
belonging to the French National Railways Company. — Do... n’'appartenant pas... do. = do... not belonging 
tO. “do. — Cable souterrain a 15-kV, = 15-k\ underground cable. — Centrale thermique = steam 
powerstation, _— Usine hydroélectrique = hydro- electric power station. — Poste de transformation 
= transforming station. — Poste de sectionnement = Switching station. — Sous-station de traction 


= traction substation. 


transforming stations are given in 
Table II. 
Laruns transforming station is con- 


nected through 60-kV. lines to the three 


cascade power stations, Hourat, Miége- 
bat and Artouste (total output 91 000 
kW.) Similarly, Lannemezan_ trans- 


forming station is linked up through 
60-kV. lines to Soulom, Eget, Tramezay- 
gues and Lassoula power stations (total 
output 66 000 kW.), and Saint-Victor is 
connected by a 60-kV. line to Pimnet 
generating station (32000 kW.), on the 
Tarn, owned by the « Rouergue » Com- 
pany. The Midi high-tension network is 
also connected to a large number of 
power stations owned by private com- 
panies. 

To ensure the satisfactory operation of 
all these inter-connected power stations, 
a special authority has been created, the 

Union des Producteurs d’Energie des 
Pyrénées occidentales », which combines 
the chief electric power companies using 
the Midi Company’s transmission lines. 
This authority determines the load dis- 
tribution between supply companies and 
regulates supplies to the consumers, and 
in addition maintains correct frequency. 
The control point is located at Lanne- 
mezan. The reactive power required for 
voltage and power-factor regulation is 
supplied at Lannemezan by the altern- 
ators at Eget, at Laruns by those at 
Hourat, at Saint-Victor by the machines 
at Pinet; and at Pessac, Dax and Portet- 
Saint-Simon, by synchronous compen- 
sators, details of which are given in 
Table II. 


Inter-connection of the Orléans and Midi 
Companies’ power transmission systems. 


Interconnection between the Orléans 


V—2 


Company’s 220-kV. lines and the Midi’s 
150-kV. system is provided (fig. 6) 
(a) between Eguzon and Pessac, by the 
220-kV. line from Eguzon to Distré, and 
by the 150-kV. line from Distré to 
Cholet, Fléac and Pessac, owned by the 

Societé Anonyme de Transport d’Ener- 
gie du Centre et de Ouest »; (b) be- 
tween La Mole and Saint-Victor, by the 
duplicate 220-kYV. lines belonging to the 
« Société de Transport d’Energie du 
Massif Central », from La Méle to La 
Rueyres, and by the 150-kV. line from 
Rueyres to Viviez and Saint-Victor, own- 
ed by the « Société de Transport Rouer- 
gue-Auvergne ». 

In addition, the 90-kYV. lines feeding 
the substations on the Orléans-Bordeaux 
section link up Chaingy and Eguzon with 
Pessac; and finally, the proposed 90-kV. 
line between Brive and Montauban will 
provide a connection between La Mole 


and Portet-Saint-Simon, as well as sup- 
plying the substations on the _ Brive- 
Montauban section when this is elec- 
trified. 


Principal features of the Paris-Irun 
electrification. 


We shall now give a few particulars 
concerning the Paris-Irun  electrifica- 
tion (44), with special reference to the 
feeding arrangements, substations, con- 
tact system and rolling stock. 


Feeder system. 


Except for the two Paris substations, 
one in Paris itself, and the other in the 


(14) General information on the Orléans and 
Midi electrification schemes were given by 
Mr. Bachellery in Génie Civil for 27th Novem- 
ber, 1937. 
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inner suburbs, which are fed through 
15-kV. underground cables, the  sub- 
stations on the Paris-Irun line are sup- 
plied by means of overhead transmission 
lines. Those between the Paris suburbs 
and Tours are fed through two 90-kV. 
lines on account of the heavy traffic on 
this section, which also affords better 
safeguards against breakdown. Sub- 
stations between Tours and Bordeaux 
receive their supply at 90-kV., and those 
between Bordeaux and Irun are fed at 
§0-kV. These lines are connected to the 
H. T. network at Chevilly, near Paris; 
Chaingy, near Orléans; Fléac, near An- 
gouléme; Pessac, near Bordeaux; and 
Dax. In addition, there is a 90-kY. line 
which provides a direct connection be- 
tween Chaumont substation, near Poi- 
tiers, and Eguzon transforming station 
(fig. 6). 

For the 90-kV. lines steel-cored alu- 
minium cables are employed, of 238 mm? 
(0.369 sq. in.) section, composed of 
37 strands, 7 of which are of steel. These 
cables are secured to independent 
towers, with an average spacing of 
250 m. (273 yards), by means of cap- 
and-pin type insulator chains, composed 
of 6 elements in the suspension type, and 
2 x 7 elements in parallel at anchoring 
points. These insulator chains are pro- 
tected at each end by arcing horns. The 
minimum height of the cables above 
ground level at the centre of the span 
is 9 m. (29 1/2 ft.). A galvanised steel 
cable, of 60-mm? (0.093 sq. in.) cross- 
section attached to the tops of the towers 
forms the earthing cable. 

Just before reaching the terminal sta- 
tion at Pessac, the 90-kV. line from Tours 
to Bordeaux incorporates two spans 
more than 500 m. (546 yards) in length, 
for the Dordogne and Garonne crossings. 
For these it has been necessary to pro- 
vide towers more than 70 m. (230 ft.) 
high. 

The 60-kV. line between Bordeaux and 
Hendaye is carried on the « Gothic 
arch » type structures supporting the 
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contact system (fig. 9). Aluminium 
cables of 172 mm? (0.267 sq. in.) cross 
section are used between Pessac, near 
Bordeaux, and Mousserolles substation, 
near Bayonne; similar cables of 95 mm/* 
(0.147 sq. in.) section are employed be- 
tween Mousserolles and Hendaye sub- 
stations, and between Lamothe and La 
Teste substations on the Arcachon 
branch. The insulators are composed 
of 5 cap-and-pin type elements. There 
is no earthing cable. 


Traction substations. 


There are 4() substations on the Paris- 
Irun line, including one each for the 
Dourdan and Arcachon branches. The 
total length of line, including branches, 
is 867 km. (539 miles) giving an aver- 
age substation spacing of about 21.5 km. 
(13.4 miles). This is reduced to 15 km. 
(9.3 miles) on the Paris suburban sec- 
tions where the traffic is particularly 
dense, and increased to 24.5 km. (15.2 
miles) on the last section, from Tours to 
Bordeaux, where there are 14 substations 
in 347 km. (215.6 miles). The main 
details of these substations are given in 
Table III. 

The connection of the substations to 
the feeder system is either of the tee-off 
or series type; in the latter case the sub- 
station then forms a sectioning point. 
The high-tension gear is of the outdoor 
ioe (WNKE, 7). 

The substation capacities are propor- 
tional to the type and importance of the 
traffic to be handled. They vary from 
§ 000 kW. in the Paris suburbs to 4000 


kW. between Orléans and Bordeaux: 
certain substations between Bordeaux 
and Irun have outputs as low as 


2000 kW. 

The converting machinery is of three 
types; 750-volt rotary converters in se- 
ries; 1500-volt rotaries, and 1 500-volt 
mercury-vapour rectifiers. 

750-volt rotaries in series are installed 
in 23 substations, i.e., all those between 
Paris and Angouléme, except on the 
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TABLE III. — Particulars of traction substations on the Paris-Irun line. 


ee D| ee g Converter sets. hac a 
ae | S33 a SS so |e 
Substation. Z z= et) Py aA so =~ 
co ete is Py = 2S. | og 
ES | eS a Type. a See eee 
bi 3 | 6 ce : 
kV. (4) | (2) | kW. | kW. (3) 
Quai de la Gare (Paris). . . 15 AP 4 2 CG 750 volts. |2000 |8 000 M 
Bet Plaines,» 92 — ie ses cp as > a 4 > > 8 000 > 
esusaucées 2-7 5 9 2 190 Te lke Ss > > 6 000 > 
Bellevue ans: ey renee as | > > 6 000 > 
Saint-Evroult (Dourdan) . . Sara | 2 |1R 1500 volts. |1500 13000 A 
AMMO MANUE Bh 5s 6 3 6 0 > id 2 2 C 750 volts. | 2000 | 4000 M 
Uienchdlerpee lap oy sn oy GO) Maer c > S 2 > > 4 000 A 
Saran (Orléans Nord) . . . ae 3 | » » 6 000 A 
Les Courelles (Orléans O.) .. > |'T (4) 2 | > » 4000 A 
Ibs (Cag yeline oy 5 6 ob oO Oo > gp > > > | ORS > 
Ines Vialliées (Blois)) “2 = 2: > iS) > > > > > 
ia \Commanderie = 5 = = ©. eee » > > > » 
Les Epines fortes (Tours) . . > S 3 | y > > > 
HaGodinere ess 5 >» Ay Sy) > » > » 
Golomibienseeiaees a se ve > Ss > > | » > > 
Le Prieuré (Chatellerault) .. » a >i (i ess > > 
Chaumont (Poitiers)... . > Sea > | > > > > 
muewlamehie: Sts ee) ah ee > Pai ee > » » » 
MPC OUAME ihe ote l ia Fe Pe > S > | > Seen es >» 
ICME NMS 6 9 6 6 6 © 4 > r > > > > 
IbGAI IERIE Wo, eo SR e e o » S ae > > > > 
Rabion (Angouléme) . . . . > T (5) > > > > » 
(Chanvenai Hoek. 4) eee oe >» Gh » | > ) > > > 
Countillueres Pe a > a 2 | 1 BR 1500 volts. | 2.000 |4000 A. 
Bessamoesy 0. 4 2 2 = 2 =| > Ss > | > o> > 
Pomerol (Libourne) . . . . > a > | > ye > > 
Wilemmlbin@igess 5 6 bo 6 on S Sa > Ss eS > 
La Médoquine (Bordeaux) . .}| 60 |T(8) | 3 | 1 € 1500 volts. | 1 000 | 3 000 M 
(Cio CMEbniK os so o A os > A 2 > >» |2000 > 
Ibeimvoulies 4g 6 6 & S a 6 > S 3 | > ie 3.000 > 
lua Teste (Arcachon) . -. . . > ae 2; » | » 2 000 > 
IEP ANRC Cee 5 NG. Goa 5) > ot 2 1 R 1500 volts. | 1500 3000 A 
ina bouheyre: fee ea > S 2 I © 1500 volts. | 1000 | 2000 M 
Morcemk” . 5 eeu 2 fa" 2 » S 3 > > 3 000 > 
Comer Tel 6 o 4 & A » ‘P 2 1 R 1500 volts. | 1500 | 3 000 A 
Daal: ey pees ae = | Ss 3 2 C 750 volts. |1500/4500 | M 
Sime Waiweewny 5 4  o o « o > an 2 1 C 1500 volts. | 1 000 | 2 000 M 
Mousserolles (Bayonne) . . . » s 3 » | > 3 000 » 
Saint-Jean-de-Luz . 5. . . . > oa 2 > | >» |2000 » 
Elendaiye: 1) Sas eae > eh 2 > i > |2000 > 
| 
(1) T = tee-off type. — S = series sectioning type. 
(2) & = rotary converter. — R = rectifier. 
(3) M = manual. — A = automatic. 
(4) Between Saran and Les Courelles, the 90-kV. lines are sectionalized at Chaingy trans- 
forming station, near Orléans. 
(5) Between Le Palant and Rabion, the 90-kV. line is sectionalized at Fléae transforming 
station, near Angouléme. 
(6) Near La Médoquine, the 90-kV. lines are linked up through the Pessac¢ transforming 
station, near Bordeaux. 
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Fig. 7. 


— View of 90-kV. outdoor equipment at Bessanges 


rectifier station, sectionalizing type. 


Dourdan branch and in the Dax sub- 
station. They have a high efficiency 
(96 %) and a compound characteristic 
to prevent the voltage drop from becom- 
ing too great on heavy loads. They are 
of 2000 kW. capacity, except at Dax, 
where the output is only 1500 kW. 


The 1 500-volt rotaries are installed in 
the ten substations between Bordeaux 
and Irun. The advantage of these lies 
in the fact that they take up less room 
than the series-connected 750-volt type, 
and require less equipment. On the other 
hand, they are of less robust construc- 


fn | 


Fig. 8. — Interior view of Moulinotte rectifier substation, showing 
on left the control board and on right the rectifiers behind 
their protective screens. 
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tion, and their output has up to the 
present been limited to 1000 kW. 

Mercury-vapor rectifiers are used in 
seven substations, four of which be- 
‘tween Angouléme and Bordeaux (fig. 8). 
They possess the advantage of having 
no rotating parts and of being of very 
high efficiency (98 %), a figure which 
varies only slightly with load. They are 
of 2 000-kY. capacity on the Angouléme- 
Bordeaux section; the remainder are of 
1500-KW. output. The former are 
equipped with polarised grids for vol- 
tage regulation, and provide automatic 
compensation for voltage fluctuations in 
the A. C. supply. 

All converting machinery is capable 
of withstanding 50 % overload for two 
hours, and 200 % for five minutes. 

The majority of the older substations 
are manually controlled. In the more 
recent, between Orléans and Bordeaux, 
and in some of the older type which 
have been modified, automatic working 
has been applied to the starting up and 
shutting down of the converters, and 
also to the control and isolation of the 
1 500-volt out-going feeders. 


Contact lines. 

These are of the overhead catenary 
type, but the method of suspension on 
the Paris and Bordeaux section is dif- 
ferent from that on the Bordeaux-Irun 


line, for the Orleans Company has 
adopted the flat, semi-rigid catenary, 


with twin contact wires, whereas the 
Midi prefers a flexible catenary, with 
inclination on curves, and a single con- 
tact wire, which affords the maximum 
of flexibility. 

The Orléans catenary is composed of 
a bronze main carrier cable of 116-mn? 
(0.18 sq. in.) section, a copper auxiliary 
carrier of 104-mm2 (0.16 sq. in.) section, 
and two 107-mm? (0.166 sq. in.) contact 
wires, also of copper. The auxiliary 
carrier is suspended from the main car- 
rier by round droppers spaced 4.50 m. 
(14 ft. 9 in.)--apart; the two contact 
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wires are secured to the auxiliary car- 


rier by sliding droppers 20 cm. (7 7/8 
in.) long at intervals of 2.25 m. (7 ft. 


4 1/2 in.), attached to each wire altern- 
ately. The catenary is maintained in the 
vertical plane on curves as well as on 
straight track by pull-offs. 

The Midi type employs a steel main 
carrier cable of 79-mm? (0.123 sq. in.) 
section, a 100-mm2 (0.155 sq. in.) copper 
auxiliary carrier and a 150-mm? (0.2325 
sq. in.) contact wire, also of copper. The 
auxiliary carrier is suspended from the 
main carrier by rigid droppers free to 
slide vertically on the latter and spaced 
w) ian, (2Y iit, ( ia,)) eyoeiei 2 Wine Comme 
wire is secured to the auxiliary carrier 
by means of clips. This method of con- 
struction provides a very flexible con- 
tact system. On straight track the ca- 
tenary is kept vertical by stiffening han- 
gers to prevent swing, but on curves 
these are dispensed with and the caten- 
ary is free to take its own inclination 
according to the tension in the contact 
wire. 

On sections with very heavy traffic 
the catenaries are completed by feeder 
cables. On the Orléans System these are 
carried on the same insulators as the 
catenaries; on the Midi independent 
insulators are used, mounted on _ the 
same supports. 

On branch lines catenaries of a sim- 
plified type are used without an aux- 
iliary carrier and with only one contact 
wire. In places even the catenary is 
dispensed with and the contact wire is 
mounted on simple deyices resembling 
the tramway type. 

The overhead system is supported on 
the Paris-Orléans section by rigid struc- 
tures spanning four or two tracks; be- 
tween Orléans and Bordeaux it is car- 
ried on separate masts (fig. 10), spaced 
63 m. (68.9 yards) apart on straight 
track, which enable the tracks to be kept 
mechanically independent of each other, 
Between Bordeaux and Irun « Gothic 
arch» structures (fig. 9) are employed, 


Fig. 9. — Track equipment on the Bordeaux-Irun line, showing 
« Gothic arch » structures which support the 60-kV. sub- 
station supply line in addition to the catenaries and feeder 
cables. 
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Fig. 10. — Track equipment on the Orléans-Bordeaux line, with 
individual masts and brackets, rendering each track mecha- 
nically independent of the other. 
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at intervals of 90 m. (98.4 yards), which 
also carry the 60-kV. line supplying the 
traction substations. 

In the principal stations it was ne- 
cessary to use structures with very wide 
spans and guyed masts, or with a cross- 
girder construction. On recently com- 
pleted installations, between Orléans and 
Bordeaux, semi-rigid structures have 
been adopted with double catenaries, 
capable of withstanding considerable 
differences in load distribution without 
excessive deformation. Finally, on 
branch lines, support is provided by 
flexible structures composed of a carrier 
cable and a horizontal transverse cable 
from which the contact wire is sus- 
pended. 

In order to localise breakdowns, sim- 
plify the finding of faults and facilitate 
Operation and maintenance, the contact 
wires are sectioned at a number of 
points, especially in line with each sub- 
station, and divided up into stretches of 
about 4 km. (2.5 miles) in length; the 
sectioning points are of the long-over- 
lap type and may be crossed at speed. 
On the Orléans system contact line sec- 
tioning and paralleling cabins are provy- 
ided approximately midway between 
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substations : the circuit-breakers in the 
sectioning cabin and substation feeding 
the same section of line are operated in 
synchronism by means of a_ 1 500-volt 
pilot wire running beside the track. 


Rolling stock. 


used for hauling 
are of two types: 


The locomotives 
trains on this line 


1. 2 D 2 locomotives (fig. 1) for haul- 
ing express trains. These have a steel 
body supported at the centre on four 
independent driving axles, and at each 
end on a carrying and guiding bogie. 
Their horse-power is about 4 000, and 
they are capable of a speed of 150 km. 
(93 miles) an hour. 

2. B B locomotives for stopping pas- 
senger trains and goods trains. These 
machines comprise a steel body carried 
on two bogies, each with two inde- 
pendent driving axles; the horse-power 
varies from 1 200 to 1500 H.p. and the 
speeds from 90 to 100 km. (56 to 62 
miles) an hour. 

For this last section of the electrific- 
ation of the Paris-Irun line (Tours-Bor- 
deaux section), 16 new 2 D 2 and 24 new 
B B locomotives have been ordered. 


[| 621.39 & 669.1] 


Surface hardening of steel cylindrical parts by means 
of high-frequency currents 
by the late Dr. Ing. Heinrich HAIDUK, 


Bauassessor, Berlin-Hasselhorst. 


(From Glasers Annalen.) 


Surface hardening is a process used to 
make heavily stressed parts wear re- 
sisting without appreciably lowering 
their mechanical properties. It actually 
consists in an alteration of the surface 
of the treated part, leaving the interior 
unaffected. 

The best known method of 
hardening is case hardening : 


surface 
the part 


to be hardened, which owing to its che- 
mical composition cannot be hardened 
directly by quenching, is embedded in 
certain materials and submitted in this 
state to heat treatment, the effect of 
which is gradually to alter its texture, 
starting from the surface, by absorption 
of carbon, so that these superficial zones 

- and these only — thus enriched in 
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carbon, become capable of being har- 
dened. The depth of the alteration in 
texture depends on the time the heat 
treatmen lasts — several hours for 
great depths. 

Surface hardening, however, can also 
be carried out by the usual heat treat- 
ment when it is found possible to heat, to 
the required temperature, only the super- 
ficial layers of the article to be treated, 
all other portions of it remaining at a 
lower temperature. This is feasible when 
the quantities of heat applied to the 
detail are large enough to produce a suf- 
ficient difference between the tempera- 
ture of the surface and that inside. If 
the part is quenched with such a tem- 
perature distribution, all the zones the 
temperature of which was _ before 
quenching higher than the critical tem- 
perature, will be hardened, whereas all 
other zones will remain mild. 

The difference in the surface temper- 
ature and that inside, necessary for sur- 
face hardening, can be obtained, for 
instance, by means of a welding flame; 
this process is already much resorted to. 
As the part to be dealt with cannot 
generally be treated wholly at one and 
the same time, the flame is moved rela- 
tively to the part and applied to the 
whole surface bit by bit. Each spot is 
heated to the required temperature and 
quenched immediately thereafter. If the 
(cylindrical) part to be hardened is 
made to revolve while the flame and 
quenching jet move axially, the surface 


is hardened along a helical path. The 
great advantage of this process and 


of that by means of high-frequency cur- 
rents, described in this note — over case 
hardening is the exceptionally large 
time saving. As a matter of fact, the 
time required for hardening is reduced 
to a few minutes, or even seconds, de- 
pending on the size of the article. It is 
true that with the flame the depth of the 
hardened zone has an upper limit as we 
shall see later. 

Surface hardening by means of high- 
frequency currents is based on the fact 
that, in conductors through which altern- 
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ating current is caused to flow, the cur- 
rent density is far from being uniformly 
distributed between all the portions of 
the cross section of the conductor, as is 
the case with direct current. With con- 
ductors through which a current flows 
directly, this phenomenon, known as 
skin effect, results in increased resist- 
ance, the latter growing as the frequency 
rises. The reason is that in the cross 
section the current is — figuratively 
speaking — forced to the surface, 
whence a reduction of the effective cross 
section. 

The principle will be grasped when 
one imagines the (cylindrical) con- 
ductor as being divided into a certain 
number of concentric hollow cylinders. 
Each of these hollow cylinders has 
an ohmic resistance and an inductive 
resistance. According to well known 


laws, the ohmic resistance gives rise 
to a uniform current intensity in the 


whole of the cross section. Such is not 
the case with the inductive resistance. 
The latter is a maximum in the smallest 
hollow cylinder and a minimum in the 
Quatre ONE iin Tee, tik IS Glereenhy jero= 
portional to the number of lines of force 
connected with the conductor under 
consideration, and this number, which 
is a maximum in the innermost hollow 
cylinder, diminishes as the hollow cy- 
linder is located further away from the 
Cenirenliae: 

Now, for a given voltage, the current 
always seeks the path of least resistance 
and consequently it will flow preferably 
in the surface. It is clear that the 
magnitude of this current deviation will 
be in proportion to the frequency and 
the magnetic conductivity of the con- 
ductor, seeing that the inductive por- 
tions of the resistance then become of 
growing importance. 

On the other hand, this magnitude will 
decrease in proportion as the resistivity 
increases because the ohmic portions of 
the resistance, which would require uni- 
form distribution of the current, play 
a more important part. 

If, consequently, a strong high-fre- 
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quency current were made to _ flow 
through a cylindrical conductor of this 
kind, the superficial zones would be 
more heated than the interior, and if the 
current were strong enough to cause 
heating up within such a short period 
that the heat applied had no time to 
spread to the interior, the temperature 
distribution suitable for surface harden- 
ing would be obtained. 

It will be seen that surface hardening 
by means of high-frequency currents is 
governed by two factors: current fre- 
quency and intensity. The former go- 
verns the depth of the superficial zone 
heated, the latter the degree of equili- 
brium of the temperature. 

The frequency should be so selected 
that only the zone to be hardened be 
heated; on the other hand, the current 
should be strong enough for the heating 
to occur within such a short period that 
the heat is unable to spread from these 
heated layers to the interior zones. 

If, for instance, it were desired to 
surface-harden, in the way described 
above, a locomotive coupling rod crank- 
pin by direct passage of the current, it 
would be necessary to use current of 
about 105 amperes, with a tension of 
about 1 volt. 

The difficulties arising can be evaded 
by applying the current not directly, but 
indirectly to the part to be hardened. 
To this end the part may be lodged in- 
side a coil through which a_high-fre- 
quency current is caused to flow. The 
magnetic field of the coil then induces 
in this core currents which also flow 
mainly through the surface, physically 
for another reason than previously, it 
is true. 

If the cylindrical core is imagined as 
being divided into a number of hollow 
cylinders, the magnetic field of the excit- 
ing coil will induce in each hollow cy- 
linder an annular yoltage which will 
give rise therein to a current in the in- 
dicated direction. According to well 
known electro-technic rules, this current 
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is opposed to that of the exciting coil. 
In its turn it creates a magnetic field 
which is consequently opposed to the 
initial field from the exciting coil. The 
effective magnetic field is thus weakened 
progressively by the currents in the core, 
towards the centre, with the result that 
the voltage created in the different hol- 
low cylinders becomes the weaker the 
nearer to the centre the hollow cylinder 


is located — the current being weakened 
simultaneously — because the voltage is 


directly proportional to the total ma- 
gnetic flux surrounded by the hollow 
cylinder. 

Precise calculations show that the cur- 
rent density decreases from the surface 
of the core towards its interior accord- 
ing to a function n. The distance beyond 
which the current density no longer ex- 
ceeds the n-th part of its value at the 
surface is called the « penetration 
depth ». It is calculated by means of 
the formula 


e / 
Omm = 500 V 0 


vp Xf 
where 
5 = the Specific resistamce of the core, 
uw = the magnetic conductivity of the 
core, 
f = the frequency of the exciting cur- 
rent. 


This distance is, in the case of copper, 
for instance, with a frequency of 1 000 
cycles, 


8=500V 0.018 
1x1 000 


It will be realised that the penetra- 
tion depth must increase when the re- 
sistivity increases, and diminish when 
the frequency rises. The values of 9 and 
y for a given material are known. The 
frequency of the exciting current can 
be selected at will; it varies, of course, 
in each particular case. 

The chief difference between electric 
surface hardening and gas hardening 


== 2 i) moni 0) OPS) win.) 
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consists in that, with the former, a cer- 
tain superficial layer is heated directly, 


whereas with the latter the heat is 
applied directly to the surface only. 


This means that, with gas hardening, the 
inside temperature distribution is goy- 
erned by the exponential drop due to 
the properties of the material, the su- 
perficial temperature, -and the time the 
treatment lasts, which drop can be cal- 
culated by means of these data. 

Now, the superficial temperature has 
an upper limit beyond which the sur- 
face will burn; the hardening temper- 
ature is a fixed one and moreover, for 
metallurgical reasons, the temperature at 
the inner edge of the hardened zone has 
a lower limit. The maximum possible 
hardening depth can thus be calculated, 
and is, moreover, independent from the 
outside dimensions of the part to be 
hardened. 

With high-frequency surface harden- 
ing, conditions are different; in this case 
the heat is not applied to the surface, 
but created in the outer layers of the 
article to be hardened, it being possible, 
moreover, to regulate the depth of these 
layers between wide limits by selection 
of the frequency. The heat generated 
immediately on the surface would have 
by itself a temperature distribution  si- 
milar to that of gas hardening, i.e. de- 
creasing exponentially towards the in- 
terior. To this, however, must still be 
added the quantities of heat created in 
the other layers. The temperature of 
the latter corresponds more closely with 
that of the points in question the larger 
they are, i.e. to a high proportion near 
the surface, and a very small one inside. 
Consequently a particularly favourable 
temperature distribution for surface har- 
dening exists, seeing that the layer to be 
hardened is heated much more uniform- 
ly, though the temperature drop, starting 
from the surface, is sharp. The situ- 
ation is still improved by the fact that 
with this temperature gradation, the cur- 
rent density completely ceases to de- 
crease exponentially, the resistivity vary- 
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ing much from one location to another; 
the resistivity is high at the surface 
(owing to the high temperature), and 
low inside. As the resistivity is a factor 
in the formula for the penetration depth, 
this means that this depth is great at 
the surface and small in the more inner 
layers. 

In the case of iron, with which the 


magnetic conductivity, which also 
appears — inversely, it is true in the 


penetration depth formula, is markedly 
lower at the surface than in the deep 
seated layers, owing to the reduction of 
the magnetic field towards the centre, 
this effect is still more accentuated. In 
this way the ideal case uniform and 
direct heating of the layer to be harden- 
ed, and of this layer only — is approa- 
ched. 

In practice, surface hardening by 
high-frequency currents is an easy mat- 
ter from the technical point of view. The 
cylinder whose surface is to be hardened 
is lodged in the field coil, and alternat- 
ing current is caused to flow through the 
coil. As surface hardening, as mention- 
ed previously, requires high power, the 
feed lasts only a few seconds, according 


to the dimensions of the detail to be 
hardened. Difficulties arise when the 


latter has portions which cannot be in- 
troduced into the coil (crankpin bear- 


ings). | In) this) casey the col ass made 
pincer shaped and articulated. Owing 


to the conditions as regards passage of 
the current at the separation line, it is 
then made up of only one winding, 
which necessitates exceptionally strong 
current, say of about 104 amperes. The 
exciting frequency depends on the size 
of the part treated. It must be the higher 
the smaller the part. Its lower limit is 
determined by the condition that the 
penetration depth may at most be equal 
to 1/4 of the diameter, as otherwise the 
transmission efficiency becomes very 
low. 

As the coil, owing to its inductivity, 
absorbs a large quantity of wattless po- 
wer, the power factor measured in it is 
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very small, its value being about Cos Q 
= 0.2. Consequently it is necessary to 
compensate for this wattless power by 
suitable condensers, in order to relieve 
therefrom the high-frequency generating 
machine. According to the type of the 
latter, the condensers are connected in 
parallel or in series with the coil. The 
first arrangement is selected for oper- 
ation with high-frequency machines, be- 
cause the latter only have to supply the 
effective power at a voltage equal to the 
total voltage in the coil. The second 
arrangement is used with rectifiers re- 
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quiring such wiring. The rectifier then 
has to supply the whole of the current 
flowing through the transmission device, 
at a voltage equal only to the effective 
part of the voltage in the coil. With the 


high-frequency machine and coil, fre- 
quencies of about 10000 cycles are 


obtainable. If still higher frequencies 
are required for treating very small 


parts, recourse has to be had to high- 
vacuum valves, which will provide suf- 
ficiently high frequencies for any case 
that may arise. 


[ 628, 244 (.75) ] 


American refrigerator wagons 


by Reichsbahnrat Helmut BAUR, WVV, Berlin. 


(From Verkehrstechnische Woche.) 


Most of the industrial centres and 
the densest areas of population on the 
North American continent are in the 
north-east. On the other hand, the chief 
centres of production of fruit and vege- 
tables are located in the south and west 
and the principal centre of the meat 
products industry is Chicago, in the 
« Middle West ». This geographical dis- 
tribution of the centres of production 
and consumption of perishable food- 
stuffs gives rise to a very heavy traffic 
in conveying them from the south- 
eastern states, on the one hand, and 
from California and the Middle West on 
the other, to the large cities of the 
north-east. To this traffic is added 
short-distance fresh fish traffic along the 
coast and dairy produce from the milk 
production areas around the large towns 
in the east, as well as the transport of 
eggs. The rapid growth of population 
in the east has necessitated the adoption 


of suitable means of transport and gave 
rise in America, more than half a cen- 
tury ago, to the creation of the railway 
refrigerator wagon. 

The wide extent of the perishable 
foodstuff traffic has necessitated the 
putting in service of a park of refriger- 
ator wagons capable of meeting all de- 
mands; at present this comprises about 
160 000 vehicles of which 26 000 belong 
to the railway companies, while the 
others are owned by large refrigerator 
wagon companies, shippers of fruit and 
vegetables, meat products companies and 
other private concerns. 


1. The standard refrigerator wagon. 


The development of the construction 
of refrigerator wagons culminated about 
20 years ago in the vehicle known as 
the standard. This does not represent 
any normal official design, but its 
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Wage 
Outside canvas or metal roof, ; 
Air space between the ribbing. Lees 16/16’ wooden outside sheathing 
Filler pieces of outer roof ribs. 
Tipper roof ribs (L section). 


13/16 outer wooden sheathing of 
vertical tongued and grooved boards, 
Waterproof paper. 

1/2” air space. 

4 layers of hairfelt, 1/2” each, 

3/8” intermediate sheathing. 

2” wood framing; air space between 


Air space. 

5 layers of hairfelt. each 1/2”. 

3/8” intermediate sheathing. 

Lower roof ribs with filler pieces (L 
13/16” inner wooden sheathing. 


uprights and ribbing, : 
13/16 inner wood sheathing. 


6 
nue 
; 
p 


Wall. 


Flooring. 


Fig. 1. — Standard refrigerator wagon : 
cross sections of roof, wall and flooring. 


Note. — Dachstirke 455 


essential characteristics were put for- 
ward as a general suide by the chief 
Government inspecting authorities and 
the Association of American Railroads. 
For this reason, the rolling stock be- 
longing to the various owners of refri- 
gerator wagons presents certain diffe- 
rences in matters of detail, such as the 
nature of the heat insulating material 
used. 


“ 
c 


The standard refrigerator wagon com- 
prises a steel underframe with wooden 


body. As with all American railway 
vehicles, especially all the goods wa- 


gons, the standard refrigerator wagon is 


carried on bogies. <A certain number 


thickness of roofing, 


13/16 wooden upper floor 
1/8” waterproof tar layer. 
1 3/4 intermediate floor 
2” cork slabs. 
1/Z Celotex. 
13/16’ wooden under floor 


15 1/2”. — Wagenmitte = centre line of wagon, 
are equipped with passenger carriage 


bogies, to enable them to run in pas- 
senger trains. The underframe does 
not differ from that of other goods wa- 
gons; it is formed of two central lon- 
eitudinal members, with bracketed cross 
bearers, connected by sole bars joining 
them in turn to the headstocks. The 
ends of the central longitudinals con- 
tain the draw and buffing gear of the 
central coupler. 

The floor joists of the wooden fram- 
ing of the body are secured to the steel 
underframe by bolts. The side walls, 
formed of stanchions and transoms, are 
covered outside with vertical tongued 
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nd grooved boarding, as shown in 
“ig. 1 (1), which gives the construction 
yf the walls, roof and floor. The lateral 
‘xternal panels are lined on their inner 
aces with waterproof paper. Then 
‘omes an air space, four layers of horse- 
vair felt, another layer of waterproof 
yaper and finally a further intermediate 
vall which rests directly on the body 
raming. The spaces between the frame 
slements are left empty and serve as 
nsulating air spaces. The other face of 
he framing carries the inside panelling, 
of horizontal tongued and grooved 
yoards. The overall thickness of the 
wall is 165:mm. (6 1/2 in.). 

The floor is of triple formation; the 
ntermediate flooring is covered on both 
faces with waterproof paper. Between 
t and the lower one are layers of cork 
and Celotex boards (see below). The 
overall thickness of the triple floor is 
Semmes (oO) o/16eime)e = The coverin?’ 
over the interior of the wagon is sup- 
ported by the steel lower roof ribs with 
wood packing. An intermediate cover- 
ing acting as a support to the five layers 
of horsehair felt, bears against the roof 
ribs. Then come the upper roof ribs, 
also of steel, the wooden packing of 
which is covered by the outer roofing 
and its tarpaulin covering. The last 
named is often replaced by a sheet meta] 
one. The spaces between the roof ribs 
are left empty. 

The method of constructing the walls 
and flooring shows a clear intention of 
protecting the heat insulating material 
against moisture coming from the in- 
terior of the wagon. This desirable 
object has been obtained in the walls by 
arranging the empty spaces of the fram- 


(1) Figs. 4, 11, 12 have been kindly placed 
at the Author’s disposal by the General Amer- 
ican Tank Car Oo., of Chicago, Tl.; Fig. 7 by 
the Pennsylvania Railroad, Philadelphia, Pa. ; 
Figs. 8 and 9 by the Safety Refrigeration Inc., 
New York, N. Y., and Fig. 10 by the North 
American Car Co., Chicago. 
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ing between the actual interior of the 
wagon and the insulating material, as 
well as the intermediate panelling and 
the layer of paper, and, in the lower 


portion, the intermediate flooring and 
two layers of paper. The wooden por- 
tions of the refrigerator wagons are 
treated antiseptically by injecting cre- 


osote or some similar product. 
The doors of refrigerator wagons hay- 
ing wooden bodies are also of wood and 


fitted with the same heat insulating 
material as the walls. The reciprocal 
tightness of the two portions of the 


double-leafed doors is effected by means 
of a cover plate strip attached to one 
of the leaves, packed with horsehair felt 
and covered with waterproof sheeting 
(spring board). As shown in Fig. 2, 


£F aee 


/ 


Breve 


Gegentfirfiligel 


| 
/ 
( 
} 
( 
} 
) 


eee 


Mit Leinenbezug 


Fig. 2. — Sealing of door by means of spring 
loaded packing piece (« springboard »). 


Hxeplanation of German terms : 
Cegenttrfliigel = companion door leaf. — Tiirfligel 
= door leaf. — Druckfeder = compression spring. — 
Brett = lath. — Schnitt AB = section AB, — 
Haarfilzdichtung mit Leinenbezug = hairfelt pack- 
ing with canvas cloth covering, 
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when the door has been closed, this 
elastic strip presses against the frame 
of the other door leaf, forming an air- 
tight joint therewith. Each leaf is in- 
sulated in like manner from its frame 
post, the strips forming the joints being 
housed in the uprights. A similar strip, 
on the upper cross-member of the door 
frame, likewise forms a joint at the top 
edges of the doors. As the same device 
cannot be employed at the bottom of 
the door, the lower edges of the leaves 
are fitted inside with a double lap joint 
of pleated canvas which, when the door 
is closed, presses against a return edge 
on the entrance floor. 


The door securing device (Miner type) 
used in the great majority of cases is 
shown in Fig. 3. 


It consists of two cast 


verschluBwelle 


VerschluBhebet 


Linker 


Tirflagel 


ee 


VerschluBwelle 


Unteres VerschluBwiderlager 
an der Bodenschwelle 
des Wagenkastens 


N 


Loch Zum Wasserabfiu 
Fig. 3. — Standard refrigerator wagon 
door lock. 


Heplanation of German terms : 
Hebelwiderlager = handle securing rest. — Linker 
(rechter) Tiirfliigel = left (right) door leaf. — Loch 
zum Wasserabfluss = water drain hole. — Unteres 
Lager der Verschlusswelle = lower locking spindle 
bearing. — Unteres Verschlusswiderlager an der 
Bodenschwelle des Wagenkastens = lower locking 
counter-bearing on the floor beam ot the body frame, 


— Verschlusshebel = locking handle. — Verschluss- 
welle = locking spindle. — _ Verschlusswellenhebel 
= locking spindle handle. — Zapfen = pin. 


iron steps, cut away in bevel fashion, 
fixed on the upper and lower sole bars 
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of the body framing. One of the door 
leaves carries, in three bearings, a ver- 
tical locking shaft. The latter carries, 
top and bottom, locking spindle arms 
with studs which engage in the sloping 
recesses or notches of the stop pieces 
when, on closing the door, the locking 
spindle is rotated by means of the oper- 
ating handle. This causes the centre 
line of rotation of the one-armed lever 
system — represented by the centre line 
of the studs on the locking spindle arm 
— to come against the end of the sloping 
notches in the locking stop. Under this 
wedge-shaped action the door leaves are 
pressed tightly against the- packing 
pieces. The locking handle, which turns 
in a vertical plane, is pressed down at 
the end of the locking operation and 
engages with a Z-shaped retaining stop. 
A hole in the recess in the bottom lock- 
ing stop allows water to escape. The 
American door fastener is analagous, in 
principle, io that used on the German 
refrigerator wagons recently built (2). 
However, on the latter the oblique wedge 
face which produces the fastening effect 
is arranged in two pieces, in hook-shap- 
ed form, placed at the upper and lower 
ends of the securing bar. These hooks 
move, during the act of closing, behind 
pins placed on the upper and lower 
longitudinal members of the body fra- 
mework. The German device would 
appear to offer greater advantages in 
that foreign objects cannot lodge in the 
securing mechanism, while they can do 
so in the sloping notches of the stops 
in the American device, rendering it 
difficult to manipulate. 

The ice chambers are separated from 
the space used for goods, at each end 
of the vehicle, by transverse partitions, 
extending from 350 mm. (13 3/4 in.) 
above the floor to 425 mm. (16 3/4 in.) 
below the roof. In a certain number of 
wagons the partitions come down to the 


(2) See Organ, 1985, No. 21, lst November : 
TASCHINGER, Kiihlwagen fiir Fihrbootverkehr 
nach Kneland (Refrigerator wagons for the 
English train ferry service) ; 
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upper edge of the wooden floor grating 
with the double object of distributing 
the cold air as evenly as possible under 
the floor bars (see below) and to pro- 
fecl against the load being affected by 
splashes from melting ice and the parts 
of it adjacent to the ice chambers from 
becoming frozen, when freezing mixtures 
are wused. “he double ‘covering of a 
fransverse partition contains a layer of 
heat insulating material from 25 to 
OO) naam (GP toy 2A hye) aim) qlounelte Satta, 
sometimes, an air space. As the stock 
of ice is renewed through the roof of 
the vehicle (see below), the transverse 
partitions of the ice chambers have no 
doors as a rule. The ice chamber itself 
is formed, in all wagons built recently, 
of galvanised steel angle irons and a 
stout steel lattice work (basket bunker) ; 
it is placed at a distance of about 60 mm. 
(2 3/8 in.) from the walls surrounding it, 
in order to maintain a sufficient pas- 
sage for the circulation of the air and 
facilitate the transfer of heat between the 
air and the ice. To increase still further 
the surface of the ice in contact with 
the air, the ice chambers are sometimes 
divided into two or more elements. It 
is only in old wagons that the chambers 
are formed simply by heat insulating 
them at the ends of the vehicles, without 
using the above mentioned steel items 
(plain bunker). In a certain number of 
wagons, the ice supports may be found 
placed half way up the chambers, in 
order to guard from an excessive loss 
of heat by radiation such products as 
must not be chilled below a pre-determ- 
ined temperature and which happen to 
be stowed in the immediate vicinity of 
the lower ice chamber opening; this 
arrangement is more especially used for 
banana traffic. In addition the column 
of air issuing from beneath the ice hol- 
der being larger, the circulation of air 
in the vehicle is promoted. When it is 
required to obtain lower temperatures 
than are possible with ice made from 
pure water or water with salt added, 
then the ice chambers are replaced by 
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galvanised steel brine troughs (brine 
tanks) filled with special freezing mix- 
tures of finely broken ice and_ saline 
mixtures. There are usually four brine 
troughs in the ice chamber at each end 
of the wagon. The ice gratings in the 
ice tanks — bars of wood or, in newer 
wagons, of V shaped galvanised stamped 
sheet metal, point upwards — and the 
platform carrying the brine troughs are 
about 300 mm. (11 3/4 in.) above floor 
level. 

The ice containers and brine troughs 
are always recharged through the roof 
of the wagon through manholes at each 
end. There are generally two at each 
end of the roof. The wooden hatch 
covers of the manholes, with heat in- 
sulating material attached, have a hair- 
felt joint round their circumference, set 


in a recess in the frame and covered 
with impregnated waterproof canvas 
cloth. The footway arranged the whole 


length of the roof for the operation of 
the hand brakes, and to permit the staff 
of a goods train to go from one end of 
it to the other, is available also for the 
constant and easy replenishment of the 
ice in the refrigerator wagons on an 
entire train. 

Under the ice chambers the flooring 
is deepened and provided with bitumin- 
ised waterproof paper, coated with a 
thick layer of tar, to catch water dripp- 
ing from the melting ice. In the middle 
of the recess so formed, all parts sloping 
to this point, is the discharge opening 
for this water, fitted with a cut-off cock 
attachment, the upper part of which can 
be lifted up to allow of the device being 
cleaned. Its construction is similar in 
principle to that used in Germany, but 
the method of closing by means of an 
indiarubber ball, provided on the new 
German wagons when used without ice, 
does not exist in the United States. The 
American refrigerator wagons have sim- 
ply discharge hoppers under the ice 
chambers; the floor slopes towards the 
discharge vents from the centre of the 
vehicle to the two ends. The brine 
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troughs are connected together above 
their bottoms by pipework which goes 
down through the floor and serves as 
a discharge for the warm brine; it is 
fitted with a valve loaded by a weight, 
which can be opened from the roof by 
a pull rod. The constant leaking away 
of the warm brine, such as is regular 
practice today for the water from the 
ice-cooled refrigerator wagons, is pro- 
hibited on account of the chemical ac- 
tion of the brine on bridges and track. 
Water and brine escaping from the dis- 
charge pipe are led by a channel or gut- 
terway to the outside of the wagon to 
prevent any salt liquid getting on the 
bogie. 

The standard refrigerator wagon has 
no devices for stimulating air circulation. 
Between the ice chambers and the space 
reserved for conveying goods, this cir- 
culation is assured simply by the dif- 
ferences in specific weight of the cold 
air issuing from the bottom of the ice 
chambers and the internal air warmed 
by the heat of the goods being carried 
and by heat transmitted from outside. 
In the distribution of the cold air 
throughout the whole length of the goods 
space an important part is played by the 
wooden floor grills used in nearly all 
American refrigerator wagons. Between 
the lower laths, parallel to the sides of 
the vehicle, the cold air can spread un- 
der the goods, to rise after that between 
the Jaths placed tranversely. The grills 
are divided in sections along the lon- 
gitudinal axis of the wagon and can be 
lifted and hooked to the sides of the 
body. The centre panels of the grill, 
alongside the doors, can be withdrawn 
from the wagon or are connected by 
hinges to the adjacent panels. The 
refrigerator wagons can thus be used 
at will with or without floor grills, while 
the practical arrangement of the latter 
allows the floor to be cleaned easily. In 
refrigerator wagons allocated to parcels 
traffic, such as cases of butter, margarine 
and eggs, stowed without leaving spaces 
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for the air to circulate, as in the case of 
the openwork boxes and casks used for 
fruit and vegetables, the side walls are 
likewise fitted with grills allowing the 
cold air to play round all parts of the 
load. To reinforce this action many 
shippers also fit intermediate grills, both 
vertical and horizontal, between the dif- 
ferent rows and piles of boxes. In a 
certain number of refrigerator wagons 
the side grills have been replaced by 
vertical laths nailed to the side walls. 
Comparative tests with and without 
grills have demonstrated their utility, 
notably that of the floor grills, in pro- 
moting speed of chilling and uniform 
temperatures throughout the goods con- 
veved. 

The wagons known as « ventilated re- 
frigerator cars » are arranged in a very 
simple manner to promote circulation 
of fresh air. By means of an adjustable 
pull rod the amount of opening of the 
traps in the roof communicating with 
the ice chambers can be regulated at will. 
The fresh air is caught by the forward 
trap, which opens against the draught 
produced by running, passes over the 
stock of ice in the ice chamber placed 
below the trap, traverses the load space 
in the wagon, and escapes by the outlet 
at the rear end. Sometimes the roof 
vents are surmounted by cowl tops in 
sheet metal, the air catching opening 
being fitted with a fine metal gauze to 
prevent, as far as possible, pieces of coal 
or other foreign bodies passing into the 
interior of the wagon. These air ventil- 
ated wagons are used for transporting 
different sorts of fruit; the approximate 
graduation of the temperature by means 
of the size of the trap openings allows 
of preventing the excessive cooling of 
the fruit and in particular the gradual 
raising of its temperature again towards 
the end of the journey, so that during 
unloading the water vapour in the warm 
external atmosphere will not condense 
on the surface of the fruit. In the spring 
and autumn such wagons are used as 
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simple ventilated ones, without any ice 
supply. 

To permit of the load space in refri- 
gerator wagons being better utilised for 
articles that cannot be piled up, such 
as milk churns, or fruit baskets liable 
to be injured by compression, certain 
wagons have intermediate grills or floors 
which, when not in use, are revolved on 
their hinges to rest against the side walls 
and secured by clamps. The intermediate 
floors rest on supports in the centre of 
the wagon, which can be lifted up 
through the floor grills. 

In the German wagons the meat sus- 
pension hooks are arranged to slide on 
their carrying bars. In the United States, 
on the contrary, the meat suspension 
arrangements consist simply of bars 
ranged along the lateral walls carrying 
the actual transverse suspension bars on 
which the movable « S » hooks bearing 
the quarters of meat are placed. 

We give below some numerical par- 
ticulars concerning the standard refri- 
gerating wagon : 


Length, overall ; 

Length of load space . : 
Length of one ice chamber . 
Width inside : : 
Height inside SR the Hoar ; 
Width of doors 

Height of doors é ? 
Distance between bogie ere A 
Tare weight 

Normal load } 
Capacity of ice chambers : 


Tare per ton of normal load — = . 
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The great majority of American re- 
frigerator wagons are of standard di- 
mensions. But there are others of smal- 
ler size, loading 22.5 t., 41.0 t. and 54.5 t. 
(22.1, 40.3 and 53.6 Engl. tons). 

So far we have, when referring to the 
heat insulating material of the walls and 
the roof, spoken only of hairfelt, or hair- 
cloth, very frequently used, formed of 
cattle hairs lightly compressed. The 
reason advanced for giving preference 
to this product is that, in addition to 
its moderate price, the hairfelt in wa- 
gons sent into the repair shops with 
their insulating material affected by 
moisture is very easily put in order 
again. Several other such materials are 
also employed. Table I gives the specific 
weights and co-efficients of thermal 
conductivity of some frequently met 
with in service. 

Alfol (aluminium foil) has so far been 
used only in isolated cases, apparently 
for commercial rather than _ technical 
reasons. 

Under the pressure of high wages the 


12.25 m. (40 ft.) 

10.00 m. (33 ft.) 

0.90 m. (3 ft. 11 1/2 in.) 
250 me (S jess (lon) 
2.30 m. (7 ft. 6 9/16 in.) 
120 mAbs) 

2.00 m. (6 ft. 6 3/4 in.) 
9.25 m. (30 ft. 4 in.) 

26 t. (25.6 Engl. tons) 
36 t. (35.4 Engl. tons) 
4000 to 5000 ker. 

(8 800 to 11000 lb.) 


0.72 ton. 


26 26 t 


Tare per m? of useful load space 


26 26 t 


Tare per m2 of floor area = 


Ike: Se Za 283} 


11.8 2:5 


2 
Tare per metre of outside length of wagon ——- 
12.25 


= 038 t./m? 
68.3 
(0.0105 Engl. ton per cu. ft.). 


_ = 0.88 t./m2 (0.0804 Engl. ton per sq. ft.). 
29.5 


= 2.12 t./m. (0.635 Engl. ton per ft.). 


180 


BULLETIN OF THE INT. RAmLWAY CONGRESS ASSOCIATION 


May 1940 


TABLE 1. 


NU yet bg Pig hb eee 


Name of the heat 
insulating 
material, 


1 


Composition. 


—— ED 


Hair felt. . . .| Lightly compressed cattle hair . 192.0 (120.0) 0.033 (0.067) 
Dry Zero (3) : Repo fibre : VEO (71020) 0.030 (0.061) 
Balsam wool . . Chemically treated WwW wood fibre : ae) (aay) 0.034 (0.069) 
Hairinsul 75 % hair, 25 % jute . DOP CLIE 0.034 (0.069) 
Rock wool er wool (similar to slag wool) 240.2 (150.0) | 0.035 (0.071) 
Glass wool 2 160.0 (100.0) 0.036 (0.073) 
Corkboard with as- Sie of Peanigien Ark with eaptialt 

phaltic binder binding material .| 232.0 (145.0) | 0.040 (0.082) 
Insulite Compressed wood fibre . : 270.0 (168.5) 0.043 (0.088) 
Celotex Compressed sugar cane fibre 211.0 (132.0) | 0.043 (0.088) 


Co-efficient 


Specific of conduction 
ne Keal./m2/h./°C. 
(li fini $¢) alee eee 


ft./hr./°F.) 


time required for the erection of Alfol 
insulated wagons is reduced by spread- 
ing the leaves flat in frames, correspond- 
ing to the dimensions of the framing 
panels of the wagon body, and setting 
them in the latter with hairfelt packing 
so as to leave no play. If, for example 
it is desired to use ten layers of alfol 
they are placed between eleven thin 
frames, generally of celotex, secured 
together by nails in one unit ready for 
mounting. Where these units with their 
layers of alfol are arranged horizontally, 
iron wire framings are spread between 
certain of them to prevent the sinking 
of the alfol sheets and their being 
knocked together by shock. 


2. New types of refrigerator wagons. 


(a) Wagons for ice or brine 
refrigeration. 


Until 1935, the standard wagon re- 
mained little altered from the form above 
described. As business again began to 
increase it became necessary to construct 
new wagons and a modification of the 
design was considered. Efforts were 
made to get a more airtight and lighter 
form of construction and, at the same 
time, to reduce costs of repairs. These 
gave rise, following a proposal advanced 
in common by all the American rail- 


ways, drawn up by the Association of 
American ‘Railroads (A. A. R.), to a 
refrigerator wagon with steel body 
frame and external panelling in steel 
sheet. The idea was entertained of 
constructing the wagon sides perfectly 
airtight, producing an excellent heat 
insulating effect, similar to that of the 
surround of a thermos flask, but this 
was given up, as too expensive. The 
new type of wagon, the outside of which 
is shown in Fig. 4, was ordered in a 


Fig. 4, 
framing and sheet steel outer panelling. 


New refrigerator wagon with steel 


batch of 1.000, 
builders. 

The leading dimensions of the all-steel 
and the cmndand refrigerator wagons are 
practically identical. The principle of 
the construction of the underframe of 


spread among various 


Fuller stuck 
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Dach und Aufenspriegel 


Oberer Seiten - 
wandlangstrdger 


langsscinitt durch Dac. 


Spriegel rugleicy Dicicungs- 
tiberl@ppurg der Dac - 
suherrder, 


Ploster C-PreBblectr - Profit 


terer Seiler - 
idltingstragar. 


Kornsolariiger Prekblediguertrager Mitteltrager 


steel 


Vig. 5. — Refrigerator wagon with 
Con- 


framing, outer panelling and root. 
structional details. 
Explanation of German terms : 
Blech = sheet metal. — Dach und Aussenspriegel 
= roof and outer ribbing. — Dachschuss = roof 
section, — Futterstiick = filler piece. — Konsolar- 
tiger Pressblechquertrager = bracket shaped pressed 
plate cross member. — Liangsschnitt durch Dach 
= longitudinal section through roof. — Oberer Sei- 
tenwandlangstrager = upper side wall longitudinals. 
— Pfosten = pillars. — Pressblechprofil =, pressed 
plate section. — Seitenwandbekleidung = side wall 
covering, — Spriegel, zugleich Dichtungsuberlappung 
der Dachschussenden = ribbing, forming also sealing 
overlapping of the ends of the roof sections. — 
Traufkante = dripping edge. — Unterer Seiten- 
wandlingstriger = lower side wall longitudinals. 


the latter has not been modified at all. 
The vertical members are riveted with 
the aid of angle irons to the U-longitu- 
dinals which join the bracket shaped 
end transverse members (Fig. 5). The 
side walls thus do not play any sup- 
porting part. The verticals consist of 
pressed U irons, channel outwards, the 
outer wall panels being riveted to their 
planed edges. The upper ends of the 
verticals are connected by a Z iron. 
Between the sheet panelling and the ver- 
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ticals are plate filler pieces, so that the 
upper wall bearing longitudinals project 
beyond the panelling and form a rain 
drip edge. The steel roof sections are 
corrugated, as shown in Fig. 5, to obtain 
greater rigidity, but their ends are flat 
to enable them to be riveted to the con- 
necting angle irons of the upper lon- 
gitudinals. The roof ribs are covered 
by pressed U irons, which also serve 
to secure the water tightness of the 
joints between the sections. These light 
pressed metal ribs, in combination with 
the corrugation of the roof sheets, give 
a sufficient degree of rigidity to the 
whole to make it unnecessary to provide 
the roof with a special framing under 
the ouler skin. The outer end walls are, 
as in nearly all the closed goods wagons, 
of pressed sheet metal with stiffening 
corrugations (fig. 4). Each end plate 
is divided on its horizontal axis. To 
protect the roof and wall plates from 
corrosion 0.3 % of copper is added. 
Welding is but little employed in assem- 
bling the steel constructional parts of 
these wagons. Only the two Z’s of the 
principal central longitudinals are weld- 
ed together electrically (fig. 5); in addi- 
tion, the door frames and the angle irons 
for attaching the ice chambers are si- 
milarly welded. The reason advanced 
for the small use of welding in assem- 
bing is the lack of skilled men to do 
it, the much greater difficulty with 
welding than with riveting of making 
sure that the work has been properly 
done, and the higher cost of welding. 
Siress is particularly laid on the fact 
that with the existing riveting equipment 
and trained workmen -— _ frequently 
coloured men —- working at a low figure, 
it is possible to rivet the joints, while 
for welding equipment capital must be 
first invested and the wages for welding 
are much higher with the present type 
of wagon construction. Welding will 
become more extensively used when 
the largest possible number of joints 
‘an be welded by means of automatic 
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appliances in the hands of skilled 
workmen. 

The heat insulation of the walls, roof 
and floor is shown in Fig. 6. For the 
two first named, kapok fibre matting 
has been used, and hairfelt for the floor. 
The latter material has been used again 
on account of the advantage abovye- 
mentioned of being able to be restored 
to service conditions after being im- 
pregnated with moisture; the insulating 
material of the floor, of course, is par- 
ticularly exposed to such risk. The 
interior panelling and the double floor- 
ing are in white pine, and the floor 
joists partly of oak. The floor 


is cover- 


Roof. 


Ouler 

Dw itose 
and voof ribbing, 

17/32”? air space. 

2 1/2” kapok 


wall sheathing, 


ise 
steel framing (L section posts); 


ay space. 


Waterproof paper, 
sheathing, 


13/16" wood 
boards. 


Wall. 
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ed with a double layer of tarred paper 
which is said to give the best results 
from the point of view of watertightness. 
For additional protection against water, 
galvanised metal sheeting is placed be- 
tween the flooring and the tarred paper 
under the ice chambers. The tarred pa- 
per is turned back against the floor 
cross members for a distance of 100 mm. 
(4 in.) so that moisture shall not pene- 
trate between the floor and the covering 
of the side walls. As these wagons al- 
ways have floor grills and the tarred 
paper is thus not subject to mechanical 
action, the latter can serve as upper 
floor covering. The bolts connecting the 


ribbing. 


V-section upper roof 


Outer roof skin, steel plate 1/8” thich. 


Alfol. 
3° kapok matting (Dry Zero). 


Celotex intermediate sheathing. 


Wood wunder-roof ribbing; intermediate spacing, ati- 


space. 


13/16? inner wood sheathing. 


steel plate. 


beliween posts 


matting (Diy Zero). 


vertical tongued and groved 


Wdoo stb 
NEHA IK 
SDHOOGKAN 


Flooring. 
1/4? watertight tarred felt covering (2 layers). 


1 3/4," upper flooring, 


io. 6. — New refrigerator wa- 1/4? air space. 
gon with steel framing and 1 1/2" hawr felt matting. 
steel outer panelling. Cross 2” hair felt matting, 
sections of roof. wall and AP EN ES 


3/8” lower slooring. 


flooring. 
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outer and inner filler pieces (see fig. 6, but end in the filler pieces, so that no 
section of side wall) do not join the heat conducting channels are formed be- 
outer double wall to the inner panelling teen the outside and the inside. 


(To be continued.) 


[ 588 (093 (497.2) | 


Fifty years of the Bulgarian State Railways \” 
(1888-1938). 


V. — Traffic. increase in the density of the population 
of Bulgaria. 
The narrow-gauge lines of the Bulgar- This great increase in the volume of 
ian system were only used entirely for passenger traffic was accompanied by 
public services after the 1914-1918 war. changes in the composition of the traffic, 
The volume of traffic on these lines only as shown below: 
represents 3 9% of the total traffic of 


the Bulgarian State Rys., so that we will Total” passenger-miles, 


_T_ NNN SS — 


only deal with the traffic on the stan- Year. Istclass. 2ndclass. 3rd class. 
dard-gauge lines. % % % 
6 SOS ane USC 14.04 84.19 
1. Passenger traffic. 1929. . 041 6.30 93.29 
The growth of the passenger traffic i1(93'7 ee 0.23 427 95.50 


is shown by the figures given below : ae 
: ) S his table shows that as regards the 


Passenger- Average user of the different classes, the tenden- 

km. distance cies noted during the development of 

pe ort ee anand ver the Bulgarian railways have been the 

Year. Millions. ‘Millions. Km. (Miles). saa Too Bee See e vies 

; cular : an appreciable falling off in the 

1580 ot pat Ge) Bees) humber of 2nd-class passengers, and 

ee Be CREE SE ED) even more in the number ae Ist-class 

1929 9.4 647 (402) 69 (42.9) ee tah i ; Pe 
1937 10.2 685 (25.6) 67 (46). Mee eoeke: 

Thus, during the period in question 2. Volume of goods traffic. 
the number of passengers carried in- The development of the goods traffic 


creased in the ratio of 1 to 93, a very is shown by the following figures : 
large increase due to the growing 


density of the railway traffic and the rangle 
increase in the mileage operated. The distance 
same reasons explain the increase in the of a tonne 
are Ye = wee _ Tonnes Tonne-km. in km. 

ratio of 1 to 69 of the number Olgpas-7 Be tan ieariied| (Ton-miles). (a ton 

senger-miles. The difference between Millions. Millions. in miles). 
the increase in the number of passengers —_4gg9 0.14 12 (7.33) 85 (52) 

and the number of passenger-miles is — 4999 1.4 188 (115.0) 132 (80.7) 
due to the smaller average mileage per — 4999 37 675 (412.8) 183 (111.9) 
passenger, which is mainly due to the — 1937 39 728 (445.2) 186 (113.7) 


(1) Coneluded from April 1940 number, p. 144. 
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These figures show that, during the 
50 years under consideration, the ton- 
nage of goods carried has increased in 
the ratio of 1 to 29, a considerable in- 
crease due to the greater mileage of lines 
in operation as well as the increase in 
the density of the traffic. The same 
reasons explain that the number of ton- 
miles increased 60 times during the 
same period. The difference between 
the increase in the number of ton- 
miles and the quantity of goods carried 
is due to the doubling of the average 
mileage per tonne carried, which is a 
result of the reduction in the rates, as 
well as the increased mileage of lines 
in operation. 

The great increase in the volume of 
goods traffic was accompanied by chan- 
ges in the composition of this traffic, 
which is brought out by the following 
table : 


Cereals. Coal. 
Thousands Thousands 
Year. of tonnes. %(*) of tonnes. %(*) 
1894. 135 34.5 45 11.5 
UE) ss 313 22.0 141 9.9 
1929. . ayal 20.9 767 10.1 
USB 5 535 IBY 889 22.8 


As regards the transport of cereals, it 
should be remembered that the differ- 
ence between the years 1929 and 1937 
is due to the better harvest in 1937. The 
great changes in the composition of the 
traffic during the years in question are 
the result of the evolution of the 
economic situation in Bulgaria, charac- 
terised by the great increase (absolute 
and relative) in the coal traffic. 


3. Density of traffic. 


The development of the traffic density 
is Shown in the following table : 


(*) Percentage 
goods carried. 


of the total quantity of 
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Thousands of 
passenger-km. Thousands of 


(of passenger-  tonne-km. 
Year. miles). (of ton-miles). 
1889 24 (14.9) 32 (19.6) 
1909 NPM (7522)) 115 (70.3) 
1929 269 (67.2) 281 (171.9) 
1937 242 (150.4) PSO (LEY) 

— Vv 

Ratio 1937/1889. << AK) << t 


If the traffic density be taken as ex- 
pressing the degree of utilization of the 
railway, the information given above 
shows that a great increase in the degree 
of utilization of the railway has been 
achieved in the case of transport in 
Bulgaria. This increase is the result 
above all of the general progress made 
in Bulgaria in the economic and cultural 
field, and secondly is due to the increase 
in the density of the population from 
34 inhabitants per km? (88 per sq. mile) 
in 1889 to 61 per km? (158 per sq. mile) 
oy WES 7 

This progress is due to a great many 
different factors combined, amongst 
which the railway plays the most im- 
portant part, as it has greatly improved 
transport conditions in Bulgaria, thanks 
to the great reduction in the transport 
rates and appreciable improvement of 
the railway services. 

During the last few years the develop- 
ment of railway traffic in Bulgaria has 
been hampered by road motor compe- 
tition. For this reason latterly great 
efforts have been made in Bulgaria, also, 
to co-ordinate rail and road transport. 
This co-ordination is vital to the in- 
terests of the national economy in which 
the railway holds one of the foremost 
places. No definitive results have, how- 
ever, been obtained to date. 


4. Characteristics of the transport 
services. 


(a) Speed. —- The information given 
below shows the development in the 
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speed attained in the case of passenger 
traffic during the period under review. 

The luxury train, the Simplon-Orient 
Express, runs over the Jugoslavian fron- 
tier-Dragoman-Sofia-Svilengrade-Turkish 
frontier international line. This line is 
360 km. (223.7 miles) long. The speeds 
reached in succession on this inter- 
national service over the Bulgarian sec- 
tion have been as follows : 


From the Maximum Average 
timetable for speed. speed. 

the year: Km./h.(m.p.h.) Km./h.(m.p.h.) 
1889 45 (28) 29 (18) 
1909 60 (37.3) SON(ZIEL) 
1929 65 (40.4) 36 (22.4) 
1937 70 (43.5) 41 (25.5) 
The Dragoman-Sofia-Bélovo | section 


(150 km. = 93 miles long) of the inter- 
national line in question is very hilly, 
which in view of the considerable in- 
crease in the weight of the Simplon- 
Orient Express has prevented much 
progress being made in recent years as 
far as the speed of this luxury train is 
concerned, 

In 1899 the main line in the north of 
the country, from Sofia to Varna (541 
km. = 336.2 miles) was opened to traf- 
fic; the increase in the speed of the 


express frains running over this line 
have been as follows : 
Average 

From the Maximum commercial 

timetable for speed. speed. 
the year: Km./h.(mp.h.) Km./h.(m.p.h.) 
1889 40. (25) 20 (12.5) 
1909 60 (37.3) 39 (24.2) 
1929 60 (37.3) 40 (25.0) 
1937 70 (43.5) AT (29.2) 


These figures show the evolution of 
the speeds of the fastest trains on the 
Bulgarian system. As for the speed of 
the trains in general, in the case of the 
passenger services, the following figures 
have been taken from the annual statis- 
tics of the Bulgarian railways : 
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Average commercial speed. 
Km./h. (m. p. h.) 


From the] =e 


timetable for Express Stopping 
the year: trains. trains. 
1929 36 (22.4) 29 (18) 
1933 38 (23.6) 31 (19.3) 
1937 40 (25) 32 (19.9) 


During the first few years the average 
overall speed of the goods trains on the 
Bulgarian railways was only 15 km. (9.3 
miles) an hour at the most, whereas in 
1937 it was 25 km. (15.5 miles) an hour, 
this progress being due above all to the 
introduction of through goods trains. 

The details given above show that in 
this field likewise the Bulgarian Rail- 
ways, during the period of fifty years 
under review, have made steady pro- 
gress, if not very great progress. The im- 
provement of the locomotives and rolling 
stock of the Bulgarian State Railways 
has generally led to higher running 
speeds; on the other hand, however, the 
technical conditions of the lines are in 


general unfavourable. The following 
particulars about the gradient section 


of the standard-gauge lines relate to the 
end of 1937: 
Of the whole 


system. 
On the level 5 27.5 % 
Gradients of 1 in 200 . Palo Ge 
Gradients of more than 1 in 200 
up to 1 in 100 17.8 % 
Gradients of more than 1 in 100 
up to 1 in 40. 27.0 % 
These mountainous lines often have 
very sharp curyes, as the following 


figures show : 
Of the whole 


system. 

Straight sections ; 65.4 % 
Curves of 500 m. (25 chains) 

radius or more . Pots t eee 15.1 % 
Curves of less than 500 m. 

(25 chains) radius . 19.5 % 


The causes of the poor technical con- 
ditions of the Bulgarian lines are mainly 
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the small amount of traffic originally 
expected, the bad state of the roads in 
Bulgaria, and the difficulty of raising 
money for capital expenditure. 

During the last few years, the amount 
of traffic has increased considerably on 
certain sections of the main lines; on 
the other hand the conditions for road 
traffic have also improved, owing to the 
great increase in motor traffic in Bul- 
garia. In view of this situation, it has 
been found necessary to double certain 
short sections of main line; it has also 
been decided to increase the rolling 
stock by railcars in order to speed up 
the passenger ‘services, and to equip 
goods wagons with the continuous brake 
in order to be able to speed up the goods 
trains as well. These improvements to 
the rolling stock, however, have to be 
subordinated to the financial resources 
available, on which the absolutely in- 
dispensable improvements to the layout 
and profile of certain sections of the 
main lines of the Bulgarian State Rys. 
are also dependent. 


(b) Safety. — Towards the end of 
1923, obligatory insurance of passengers 
against accident was introduced on the 
Bulgarian State Rys.; the premium for 
this insurance is included in the fares. 
This has made it possible to keep statis- 
tics of all the accidents to passengers on 
the railway since 1924. These statistics 
show that on the standard-gauge lines 
92 passengers were killed and 238 injur- 
ed between 1924 and 1937. As the 
number of passenger-km. for the period 
in question was 14 253 millions, 6 pas- 
sengers are killed and 17 injured per 
1.000 000 000 passenger-km. (i. e. 10 kill- 
ed and 27 injured per 1 000 000 000 pas- 
senger-miles) These figures show that 
the safety on the Bulgarian State Rail- 
ways is nearly as good as on other 
European railways. 

During the period under review the 
development of the safety of goods traf- 
fic has also conduced to the bringing 


May 1940 


down to a minimum the damage to goods 
due to accident, defective rolling stock, 
or delays in delivery. Owing to these 
improvements in the security of the 
goods traffic during the last few years, 
the premiums for insuring goods carried 
by rail have been reduced to about the 
same level as in other countries. 


(c) Regularity. — Since 1920 detailed 
statistics. are also available about train 
delays in Bulgaria. These statistics bring 
out the fact that from 1920 to 1937 the 
regularity of the train services has in- 
creased progressively. During the last 
few years 9/10ths of the trains have left 
the departure stations at the time laid 
down in the timetables; delays on the 
journey were altogether insignificant as 
shown hereafter, so that it can be stated 
that 8/10ths of all the trains reached the 
destination stations at the times given in 
the timetables. 


Average delay en route, 
in minutes, per 100 train-km. 
(per 100 train-miles). 
Category e—xX—_—— 
of train. 1920 1929 1937 
Express . @) 3’ (426”) 1? (ESS) 
Local . We (GEES) BP (BEIBX®) OP SPilsy”)) 
Composite 27 (43°27”) 14’ (22°32”) 6’ (939”) 
Goods TROY (aL, GRY (SIE) 10’ (16°5”) 


(d) Factlities. — The facilities offered 
depend to a large extent on the relative 
number of stations, which is shown in 
the following table : 


Average 

distance 

Lines in between 
operation. Number stations. 


Year, Km. (Miles) of stations. Km. (Miles). 
1889 383 (238) 19 20.2 (12.55) 
1909 1692 (1051) 104 16.0 (9.9) 
1929 2444 (1519) 223 10.9 (6.77) 
1937 2910 (1 808) 276 10.5 (6.52) 


The figures given in the last column 
show that during the period in question 
the number of stations has been doubled, 
which considerably facilitates the traf- 


(*) No express train services. 
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fic, especially in the case of the goods. 
This relative increase in the number of 
stations was made necessary by the in- 
creased number of trains, as the follow- 
ing figures show : 


Average number 


Year. of trains a day. 
ESSo ia, oe fe he 3 
LGR Ge Ae eee ee 7 
1G re ee ib 
IGEy le 113 


These figures show that during this 
period the traffic density has been 
nearly quadrupled, which made it neces- 
sary to increase the facilities offered, 
especially in the case of the passenger 
traffic. 

As regards the goods traffic, one of 
the chief facilities which has had an 
effect on the development of road traf- 
fic is the introduction of special arran- 
gements to load goods directly onto rail- 
way wagons from the consignor’s pre- 


mises and unload them on the con- 
signee’s premises. On the Bulgarian 
State Rys. this important facility has 


been extended quite satisfactorily, seeing 
that the railways have rented part of 
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their lands for the building of ware- 
houses, have built sidings to mines and 
quarries, and above iall have encouraged: 
the construction of private sidings, as 
the following figures prove : 


Number of Total length. 
Year. private sidings. Km.(Miles). 
I Bs 1 0.5 (0.3) 
UT 5 Pah (53) 
1909 eran 61 38.6 (24) 
WB. se 74 50:3 (31.3) 


Owing to the considerable extension 
of the door to door services during the 
last few vears, 80 % of the goods traffic 
on the Bulgarian State Rys. is conveyed 
by this method, which is very similar 
to motor transport. 


VI. — Capital expenditure. 
1. Sources: State loans. 
(a) Loans from abroad. 


The greater part of the capital needed 
to purchase the private lines, build new 
lines, and equip them with rolling stock, 
during the period of 50 years under 
review, has been raised by loans from 
abroad, #1. €:: 


Portion allocated 


Product to capital expenditure. 
State of loan, oO 
loans. Issued in the following countries: in millions Millions 
Year. of gold-leva of gold-leva % 
1888 England 46.8 46.8 100.0 
1889 Austria, England, Germany 25.5 13.0 50.9 
1892 Austria, England, Germany, etc. 110.1 86.6 78.7 
1904 England, France, Germany, etc. . 80.4 20.9 25.9 
1907 England, France, Germany, ete. . 120.1 35.3 29.4 
1909 Russia 82.0 42.1 51.4 
1909 England, France, Germany, etc. . 86.0 Pallett 32.3 
1923 France, Belgium, etc. HBS iil 9.1 
1926 England, U. S. A., Holland, ete. . 32, 10.0 Sad 
1928 England, U. S. A., France, Holland, etc. 126.0 10.4 8.2 
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The above details show that up to the 
time of the Balkan War (1912-1913), Bul- 
garia had obtained 550.9 million gold- 
leva by loans from abroad, the part 
allocated to capital expenditure on the 
railways being 267.6 million gold-leva, 
or 48.7 % of the total product of the 
loans. The product of loans after the 
1914-1918 war amounts to 211.3 million 
gold-leva, 21.5 millions being for capital 
expenditure, or 10.2 %. Altogether dur- 
ing the 50 years in question, the capital 
obtained from loans abroad has reached 
762.2 million gold-leva, 289.1 million 
being for capital expenditure on the rail- 
ways, or 37.9 % of the total. 

The main conditions of these loans are 
given below : 
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held 2 million gold-leva, and 43 millions 
im) 19113 

After the 1914-1918 war it was difficult 
to borrow money abroad, whereas local 
capital had greatly increased, so that 
between 1921 and 1937 money was 
borrowed in the country to a_ total 
amount of 16.5 million gold-leva, with an 
actual interest of 4.5 to 6.5 % per an- 
num, the redemption period being 10 to 
40 years, without special guarantee. 


(c) Loans from special railway funds. 


In 1929, special « Renewal » and 
« Fire Insurance » Funds were introduc- 
ed for the State Railways. Betwen 1929 
and 1937, 17 million gold-leva of the 


State Annual interest. Terms for 

loans. —_ ~~ repayment. 

Year. Issue price. Nominal. Actual. Years. Special guarantees: 

1888 par value 6.00 6.00 33 Without special guarantee. 

1889 85 and 87 6.00 7.50 33 First mortgage on railway lines. 

1892 83-89 6.00 7.34 33 First mortgage on railways and har- 
bours. 

1904 82 5.00 7.03 50 Receipts from stamps and duty on 
tobacco. 

1907 85 4.50 5.94 60 Do. 

1909 par value 4.75 4.75 75 No special guarantees. 

1909 96 4.50 5.51 50 Do. 

1923 par value 6.50 6.50 30 Do. 

1926 87 and 88 7.00 8.37 40 Receipts from excise duties. 

1928 91 7.50 8.43 40 Receipts from customs duties. 


Careful examination of the conditions 
under which the Bulgarian loans were 
made shows that the conditions before 


the world war were generally more 
favourable than those obtained after- 
wards. 


(b) Domestic loans. 


Up to the 1914-1918 war no domestic 


Joans were made in Bulgaria to obtain 
capital, owing to the shortness of capital 
in the country, some idea of which can 
be obtained when it is remembered that 
in 1897 the post office savings bank only 


available capital of these funds were 
transferred to the railway capital ac- 
count in the form of loans. 


2. Other sources. 


So as not to hinder the development 
of the system too much, and in view of 
the great difficulty of obtaining the ne- 
cessary capital by State loans alone, the 
capital invested in the Bulgarian Rys. 
was increased from other sources, which 
may be classified as follows : Railway 
taxes, State taxes, corvees, and sundry 
sources, 
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(a) Railway taxes. 


From 1889 to 1928, 79 million gold-leva 
were collected from the balance of the 
operating receipts of the railway for 
capital expenditure on rolling stock and 
improvement of the lines in operation. 
In 1929 a radical reorganisation of the 
finances of the Bulgarian State Rys. was 
taken in hand, and it was decided that 
part of the annual profits could be used 
to increase the capital invested. Between 
1929 and 1937, three million gold-leva 
were collected from the working profits 
for 1929 to improve the lines being 
worked. 

Special surtaxes were introduced in 
1926, the receipts from which are not 
counted as operating receipts but as a 
source of capital to improve the lines 
in operation. From 1926 and 1937, 
13 million gold-leva were collected in 
this way to increase the available capi- 
tal. 

Consequently railway taxes have 
provided 95 million gold-leva of railway 
capital during the period in question. 


(b) State taxes. 


Special taxes were introduced in 1925, 
the receipts from which were to contri- 
bute to speeding up the construction of 
new lines. Between 1925 and 1937, this 
new source has added 23 million gold- 
leva to the capital invested. 

Up to the financial reorganisation of 
1929 mentioned above, from 1888 to 
1928, 59 million gold-leva were collected 
from the receipts of other taxes for the 
construction of new lines. 

In this way during the period in 
question 82 million gold-leva were ob- 
tained by State taxes for the capital in- 
vested in the State Railways. 


(c) Corvees. 
The Jaw of 1885- introducing State 
ownership of the railways provided that 


when the State was building a line, every 
inhabitant of the department through 


BULLETIN OF THE InT. RAILWAY CONGRESS ASSOCIATION 


189 


which it ran owed 10 days labour for 
the necessary earthworks. Labour was 
only obtained in this way between 1889 
and 1893, the value being estimated at 
0.4 million gold-leva. 

The said law of 1885 also. stipulated 
that when the State was building new 
railway lines, the iarmy was to assist 
with the work. This was only enforced 
between 1889 and 1890, the earthworks 
completed during that period being valu- 
ed at 0.6 million gold-leva. 

When railway lines were being built 
during the wars of 1912-1913 and 1915- 
1918, the army completed work valued 
at 3.8 million gold-leva. It follows that 
during the period in question military 
labour completed work valued at 4.4 mil- 
lion gold-leva. 

The Jaw of 1925 introduced a special 
tax, in Jabour or in money. This tax 
between 1925 and 1937 contributed tow- 
ards the construction of new lines by 
labour supplied a total value of 16.6 
million gold-leva, which figure may be 
considered as a very favourable one. 

To sum up, during the period under 
review, it follows that 21.4 million gold- 
leva were contributed in the form of 
labour towards the capital invested. 


(d) Sundry sources. 


3 million gold-leva have been obtained 
from other sources of capital. The 
ereater part represents the value of the 
land required by the railway, which 
according to the law on the construction 
of railways was ceded by the communes 
and departments free of charge. In 
addition, in some cases the communes 
contributed in labour or money towards 
the cost of the station buildings. 


3. Recapitulation of the sources from 
which the invested capital was obtained. 

The information given above about 
the sources of capital invested in the 
railway are summed up in the following 


table : 
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Investments 


Sources of capital invested. 


STATE LOANS. 


(in millions of gold-leva) 
during the years 


$$ ee 


1888-1911 1912-37 1888-37 


Percentage of total 
invested during the years 
Ee 


1888-1911 1912-37 1888-1937 


Loans abroad . 268 21 289 85.8 10.0 Do 
Domestic loans : _ 17 li — 8.1 3.2 
Loans on railway funds = nd ee ee = 8.1 3.2 
Total amount borrowed 268 55 323 85.8 26.2 61.7 
OTHER SOURCES. 
Railway taxes. 16 79 95 al 37.4 18.1 
Taxes 26 56 82 8.5 26.2 15.6 
Corvees Do mei gee a: i 20 Pal 0.3 93 4.0 
Various Me She a on ae ips 2 3 0.3 09.) 0b 
Total from other sources (44 157 201 23) Oe 
Sum total 312 212 524 100.0 100.0 100.0 
The financial development during the The details given above show that the 
50 years in question can be divided into increase in the total amount of the 


two more or less equal periods, as shown 
in the above table. This table brings out 
the fact that money borrowed by the 
State from abroad was practically the 
only source of capital between 1888 and 
1911, during which period other sources 
were of very insignificant importance; 
the latter, however, were the main source 
of capital between 1912 and 1937, during 
which years special taxes and dues, and 
even special corvees were introduced. 
This shows that the tendency has been 
towards continuous idevelopment of the 
railway system, in spite of the great 
difficulties arising after the 1914-1918 
war, especially, as regards obtaining suf- 
ficient capital. 


4. Capital spent on building the lines. 


The following table shows how the 
capital spent on the Bulgarian Railways 
has increased : 


capital invested in the lines is due solely 
to the increased length of the system. 
At the beginning of the period in 
question, the average value of the capital 
invested per mile of line was higher, 
simply on account of the high price for 
purchasing the Roussé-Varna line. This 
relative value of the capital invested 
declined during the period from 1909 
to 1937, chiefly owing to the extension 
of the narrow-gauge lines and the con- 
struction of approximately 400 km. (250 
miles) of secondary lines with old rails 
recovered when relaying the main lines. 
Natural conditions in Bulgaria are 
usually bad for railway construction; 
but the capital invested per mile of line 
is relatively low, for the following 
reasons : relatively low cost of labour, 
the low standard of the lines (due above 
all to the small amount of traffic), and 
relative cheapness of land in Bulgaria. 


Capital expenditure in gold-leva. 
i. oe 


Length r mi 

At 31st December the pele Total. foun a ne ue Per unit 

of the year: Km. (Miles). Millions. . Thousands. of traffic. 
1889 337(*) (209) (*) 52 154 (247.8) 2.63 
1909 1 692 (1 051) 226 133 (214.0) 0.60 
1929 2 916 (1 812) 332 114 (183.5) 0.24 
LOST, sea ee 3 366 (2 091) 409 121 (194.7) 0.28 
Ratio 1937/1889 10 Sts — 21% — 90 % 


(") Exeludine the 46 km. (28.6 miles) 


long Vakarel-Bélevo line. 
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5. Capital invested in the rolling stock. 


The evolution of this capital is shown by the following table : 


Capital invested in gold-leva. 


—_—__s NS 


Length of 


Per Km. (per mile). 


At 31st December the system. Total. of line. Per unit 
of the year: Km. (Miles). Millions. Thousands. of traffic. 
1889 337 (209) 6 18 (29) 0.32 
1909 1692 (1051) 25 15 (24.1) 0.07 
1929 2916 (1 812) 92 32 (51.5) 0.07 
1937 ; 3 366 (2091) 105 31 (49.9) 0.07 
Ratio 1937/1889 < IO <a x — 80% 
These details in conjunction with In Section 3 above, we pointed out that 


those relating to the growth of the traffic 
show that during the 50 years in 
question, the total amount of the capital 
invested in the rolling stock has increas- 
ed, chiefly on account of the increase 
in the length of the system and the 
volume of traffic, and that the capital 
invested per mile has increased solely 
on account of the increase in the amount 
of traffic. Already in 1909 normal util- 
ization of the capacity of the rolling 
stock had been obtained, thanks to 
which the capital per unit of traffic was 
considerably reduced; its relative value 
has remained constant from 1909 to 
OS 


6. Total capital invested. 


The evolution of this capital has been 
shown above as regards that invested 
in the construction of the lines and in 
the rolling stock, and the following table 
has been drawn up in accordance with 
these facts : 


Length of 
At 31st December the system. 
of the year: Km. (Miles) 
1889 337 (209) 
1909 1692 (1051) 
1929 2916 (1 812) 
1937 3366 (2091) 


Ratio 1937/1889 0 


up to the end of the year 1937, 524 mil- 
lion gold-leva had been invested in the 
railways. Of these 524 millions, 514 have 
been invested in the system now under 
operation, and the remaining 10 mil- 
lions in the labour in hand for the con- 
struction of new lines, which, however, 
had not vet been completed by the end 
of 1937. 


VII. — Operating results. 
1. Expenditure. 


In order to give a clear idea of the 
financial position of the Bulgarian State 
Rys. between 1888 and 1938, we will 
consider first of all the increase in ex- 
penditure, which in general precedes 
and determines the railway receipts. 


(a) Operating costs. 


The development of this expenditure 


Capital invested in gold-leva. 


RE 


Per km. (per mile) 


Total. of line. Per unit 
Millions. Thousands. of traffic. 
58 172 (276.8) 2.95 
251 148 (238.2) 0.67 
424 146 (235) 0.31 
514 152 (244.6) 0.35 
x 9 —= 1% — 81 % 


192 


for the whole of the system has been as 
follows : 


Operating costs. 
EE __—ee 


Per km. 
Total, (per mile) Per unit 
im of line, of traffic, 
Year. thousands in thousands in centimes 
of gold-leva of gold-leva. of gold-leva. 
1889 2 221 5.8 (9.3) 10.36 
1909 13 874 Say (GE) 3.58 
1929 42 673 14.9 (24) 3.06 
1937. 41 514 12.7 (20.4) 2.95 
Ratio 
1937/1889 « 19 x 2 == fl % 


During the period under review, the 
increase recorded in the total amount 
of working expenses is due chiefly to 
the increase in the mileage in operation, 
and in the second place to the increase 
in the volume of traffic; the operating 
costs per mile of line increased solely 
as a result of the increase in the amount 
of traffic, but to a smaller extent, seeing 
that the operating costs per unit of traf- 
fic have considerably decreased. These 
expenses express the actual operating 
cost per unit of traffic, and we would 
like to point out that the favourable 
evolution of these costs is due to the 
following principal reasons : Consider- 
able increase in the volume of traffic; 
technical progress of the railway, and 
considerable decrease in the cost of the 
coal consumed by the State Rys. , The 
following figures relate to the price of 
coal during the 1889 to 1937 period : 


Price per tonne in gold-leva. 
TO ——— 


Year. Foreign coal. Bulgarian coal. 
1889 cee ees 40 Ce) 
909 aes ten: belek 26 13 
1929 Ga) 15 
1937 Ges) 12 


From 1888 to 1892 the Bulgarian State 
Rys. only used imported coal, the cost 
of which was relatively high. In 1893 


(*) No Bulgarian coal was used, 
(**)° Foreign coal was no longer used, 
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the line from Sofia to Pernik (chief Bul- 
garian State coal mines) was opened to 
traffic, so that the railway was able to 
obtain native coal at a much lower cost; 
all the same, one ton of imported coal 
equals 1 1/2 ton of coal from the Pernik 
mines. Since the 1914-1918 war the Bul- 
garian Railways only use Bulgarian coal, 
from either State owned or _ private 
mines. 


(b) Financial charges. 


The operating costs of the Bulgarian 
State Rys. also include the cost of re- 
newal, so that the financial charges con- 
sist almost entirely of the interest on 
monies borrowed by the State Rys., i. e. 
State debts contracted in order to pur- 
chase private lines, build new lines, and 
buy rolling stock. 

The following table shows the evolu- 
tion of the financial charges for the 
whole system : 


Financial charges. 
7c _ 


Per km. 
(per mile) Per unit of 
Total. of line. traffic in 

Thousands Thousands zentimes of 

Year. of gold-leva. of gold-leva. agold-leva. 
1909 2 520 6.6 (10.6) aber 
1929 10 547 6.5 (10.45) 2.74 
1937 5) (Vi PAD) (Be) 0.42 
1889 7 156 XP> (SS) 0.51 

During the period in question, the 


total amount of the financial charges has 
been trebled, solely on account of the 
increase in the Jength of the system. 
During the same period, however, this 
length has increased in the ratio of 1 
to 8 1/2, i. e. in a much greater propor- 
tion than the total amount of the finan- 
cial charges. As a result, the financial 
charges per mile of line have greatly 
decreased between 1889 and 1937, for 
the following reasons: Increase of the 
capital invested between 1912 and 1937 
from sources which did not involve 
further debts for the State Rys.; redemp- 
tion of a large amount of the State loans 
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contracted to obtain original capital; creased traffic density, increase in the 


and lower rate of actual interest on the 
State loans due to the poor financial 
position of the State after the 1914-1918 
war and the economic crisis which 
began in 1929, 

The decrease in the financial charges 
per mile of line went hand in hand with 
a great increase in the traffic density, 
which led to a 96 % decrease in the 
financial charges per unit of traffic. The 
details and explanations given above 
show that between 1889 and 1937 the 
operating costs have greatly decreased 
for the following reasons: Increase of 
the volume of traffic, additional capital 
obtained from sources which did not 
involve increased indebtedness; redemp- 
tion of a large part of the State loans, 
and a lower rate of actual interest on 
the remaining loans. 


(c) Total general expenditure. 


Examination of the operating costs 
and financial charges .shows that the 
total general costs can be established as 
follows : 


Cost per unit of traffic, 


in centimes of a gold-leva. 
_—_—— ee 


Operating Financial 

Year. costs. charges. Total. 
1889 10.36 11.71 22.07 
1909 3.58 2.74 6.32 
1937 3.06 0.42 3.48 
1929 2.95 0.51 3.46 
Ratio 

1937/1889, — 71 % — 9 % — 85 % 


The sum total of the costs enables the 
cost per unit of traffic to be estimated. 
The above table shows that between 1889 
and 1937 the costs have been appreciably 
reduced, chiefly on account of the 
decrease in the financial charges, and 


also of the operating costs per unit 
of traffic. These details about the re- 


duction of various factors of the total 
general expenditure show that on the 
Bulgarian State Rys. the cost per unit 
of traffic greatly decreased between 1889 
and 1937 for the following reasons : In- 


capital invested obtained from sources 
other than loans, redemption of a con- 
siderable part of the State loans, tech- 
nical progress of the railways, fall in the 
price of coal, and lower actual rate of 
interest on State loans. 


, 2. Receipts. 
(a) Rating policy. 


The part played by the railway being 
one of the main factors in the general 
development of a country, the Bulgarian 
Railways adopted the following prin- 
ciple for their rates policy : Reduction 
of the cost of transport must lead above 
all to a reduction in the rates, as this 
is the essential factor in maintaining the 
traffic, an indispensable condition if the 
railway is to play its part properly; 
reduction in the cost of transport should 
contribute very little to reducing the 
losses or earning a profit; the latter 
should be the result solely of a great in- 
crease in the traffic volume. 

In Bulgaria the rightness of such a 
railway rating policy has never been 
disputed. It was, however, only followed 
for a relatively short time, and about 
1900 a new rating policy came into force 
based on the principle that the reduction 
in the cost of traffic should contribute 
above all to a reduction in the losses or 
increase in the profits, although this in 
no way corresponds to the increase in 
the traffic density; the reduction in the 
cost of transport should involve a rela- 
tively unimportant reduction in the 
rates, in spite of the fact that these are 
the essential element in retaining the 
traffic. 

The tendency of this new rating policy 
was also reflected in the law of 1929 on 
the organisation and administration of 
the railways, in which certain funda- 
mental rules were laid down about their 
commercial operation. One of these at 
least can be usefully quoted: Clause 2 
states expressly that the Bulgarian State 
Rys. shall be so operated as to pay. 
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The bad state of the State finances 
during the last ten years has encouraged 
the tendency to get as much profit from 
the State Rys. as possible, both openly 
and covertly. The economic situation 
in Bulgaria made this possible only by 
stopping more or less completely the 
normal evolution of the transport rates, 
and even involved regressive measures, 
as when the rates were increased in 
1937. 


(b) Transport rates. 


The evolution in the rates on the Bul- 
garian State Rys. are shown in the fol- 
lowing table : 
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revenue in recent years has been 300 
gold-francs in round figures. 

During recent years the transport rates 
(expressed in gold-francs) of the Ru- 
manian and Jugoslavian Rys. have been 
much lower than those of the Bulgarian 
Rys., whereas the national revenue per 
inhabitant of the two former States was 
rather higher than in Bulgaria. As a 
result the Bulgarian railway rates are 
definitely less favourable compared with 
those in Rumania and Jugoslavia. 

They are still more unfayourable when 
compared with the railway rates in more 
highly developed countries, where such 
rates (in gold currency) are a little 


Average receipts in gold-centimes, 


-—TTOOO no 


Average cost 


Per pass.-km. Per tonne-km. Per unit per unit of traffic 
Year. (per pass.-mile). (per ton-mile). of traffic. in gold-centimes. 
1889 . 7.00 (11.26) 11.00 (17.98) 917 22.07 
1900 3.75 (6.03) 6.32 (10.33) 5.41 932 
1909 4.07 (6.55) 5.80 (9.48) 5.14 6.32 
1911 4.69 (7.55) OY (GEA) 5.47 6.07 
1929 2.74 (4.41) 4.65 (7.60) 3.80 3.48 
1936 2.49 (4.01) 4.26 (6.97) 3.54 Sad 
193 Taal geo. Sua 2.65 (4.26) ALIS (iB), 3.73 3.46 
Ratio 1937/1889 — 62 % — 59 % — 60 % — 85 % 
This table brings out the fact that higher, equal to, or a little lower, while 


during these 50 years the reduction in 
both passenger fares and goods rates 
has been considerable, and on more or 
less the same level; this reduction, how- 
ever, has been much less than the cor- 
responding reduction in the cost, as the 
figures in the two last columns clearly 
show. 

This unfavourable evolution of the 
ratio of the cost to the rates is one con- 
sequence of the rating policy mentioned 
above, which in turn is closely connect- 
ed with the bad financial state of Bul- 
garia. 

To appreciate the extent to which the 
railway rates have encouraged the ge- 
neral development of the country, it is 
necessary to compare the total amount 
of these rates with the average national 
revenue per inhabitant. In Bulgaria this 


the average revenue per inhabitant is 


3 to 5 times higher than in Bulgaria, 
(c) Operating receipts. 
The following table shows the suces- 
sive evolution of the operating receipts 
over the whole system : 


Operating receipts. 


a 


Per km. 

Per unit (per mile) 

of traffic. of line. Total. 
Year, Gold- Thousands Thousands 

centimes. of gold-leva of gold-leva. 
1889 9.17 Ba) (G55) 2017 
1909 5.14 22a (L946) 19 830 
1929 3.80 Sta (2 9259) 52 285 
1937 33 15.9 (25.5) 52170 
Ratio 
1937/1889 — 60 % 3) 926 
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During the period considered, the 
average receipts per unit of traffic de- 
creased owing to the reduction in the 
rates, thanks to the reduction in the cost 
of transport; the average receipts per 
mile of line have increased solely on 
account of the increase in the traffic 
density. As for the total receipts, these 
have increased above all on account of 
the increased mileage of the system, and 
also on account of increased traffic. 


3. Financial results. 


(a) Credit or debit balance. 
The following table shows the evolu- 
tion of the financial results : 


Credit or debit (—) balance. 


—_a Se 


Per km. 
Per unit (per mile) 
of traffic. of line. Total. 
Year. Gold- Thousands Thousands 
centimes. of gold-leva of gold-leva 
1889 = Te = 05) (0) — AUG 
1909 1.56 Bh (G2) 5 956 
1929 0.74 RAL (Ss) 9 612 
1937 0.78 BY (Sell) 10 656 


Three working years only (1889, 1890 
and 1892) showed a total deficit of 
404 000 gold-leva, while in the other 
seven years the operating results showed 
a profit. 

Consequently the financial results con- 
sidered over the period follow the 
changes in the operating receipts and 
expenditures considered under sections 
1 and 2 above. From the explanations 
given it is clear that the variation in the 
profits from operating the Bulgarian 
State Rys. is proportional, in particular, 
to the increase in the mileage of the 
system and to the growth of the traffic 
density. 


(b) Operating constant. 


In connection with the operating pro- 
fits, the following additional information 
is of interest : 
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Ratio between 
the profit and the 


ee 


Operating capital monies 
Year. constant. invested. borrowed. 
Jo % %o 
1889 112.9 (*) ©) 
1909 70.0 2.33 2.74 
IEE) 80.5 2.38 6.16 
1937 W@al 2.24 6.00 
These figures show that during the 
period in question the constants as a 
rule were favourable, especially those 


given in the last column, and this was 
due above all to the increased capital 
invested after 1909 from sources which 
did not involve the railway in debt. 


(c) Profits and losses. 


The development of the profits and 
losses per unit of traffic is shown below 
in centimes of a gold-leva : 


Excess Financial Profits (+) 
Year. receipts. charges. or losses(—). 
1889 — 119 ial — 12.90 
1909 1.56 2.74 — 1.18 
1929 0.74 0.42 + 0.32 
1937 0.78 0.51 + 0.27 


To the information given above may 
be added that during the said period the 
financial results only show a profit in 
Se yeas (19225 19235 LOD a ooo e928) 
1929, 1934 and 1937), and there was a 
loss in the other 42 years. 

The table given above shows that dur- 
ing the period in question the great im- 
provement in the financial results was 
due to the considerable reduction in the 
financial charges per unit of traffic, as 
such charges affect the cost of working 
the traffic. 

In accordance with the rating policy 
of the Bulgarian State Rys. explained 
above, the reduction in the cost due to 
the financial charges contributed above 
all to the reduction in the losses and 
increase in the profits, but on the other 
hand did little to reduce the transport 


(*) No profit: 
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rates. The result is that the evolution of 
the profits and losses of the Bulgarian 
State Rys. must be considered as un- 
favourable, particularly when the part 
the railway can play as one of the chief 
factors in the development of a country 
is borne in mind. 

The following figures can be quoted 
as an average per kilometre and per mile 
of line, and for the system as a whole, 
bearing in mind the aforesaid evolution 
of the profits and losses per unit of traf- 
fic together with the increase in the 
mileage of the system and the growth 
of the traffic : 


Profits (+) or losses (—). 


Per km. As a 

Per unit (per mile) whole. 

of traffic. of line. Thous- 
Year. Gold Thousands ands of 

centimes. of gold-leva. gold-leva. 
1889 = 120) = 72 Geaillp) — 215 
1937 . == ile 28 (—4.5) 4565 
1909 + 032 +15 (412.4) + 4403 
1929 2027) SEE Ls) == 3.604 


From the point of view of the nature 
of the resources available to meet these 
losses, the period under consideration 
can be divided into two unequal por- 
tions: From 1888 to 1928, and from 
PO 29S TOm LO Sie 

From 1888 to 1928 the absolute losses 
amounted to 195 million gold-leva, from 
which a profit of 8 million gold-leva 
has to be deducted; there was therefore 
a total loss of 187 million gold-leva, 
which was met by the receipts from 
State taxation. 

After 1929, on account of the radical 


reorganisation of their finances, the 
Bulgarian State Rys. had to meet their 


losses entirely from the operating re- 
ceipts. Between 1929 and 1937 the abso- 
lute losses amounted to 20 million gold- 
leva, 9 millions of which were covered 
by the profits from the years 1929, 1934 
and 1937, so that at the beginning of 
1938 losses totalling 11 million gold-leva 
still had to be made good. The amor- 
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tization of these losses will impede the 
progressive evolution of the railway 
rates if the provisions of the law of 1929 
remain unaltered, especially if the part 
played by the railway as one of the most 
vital factors in the general development 
of a country is taken into account. 


Conclusion. 


In the beginning of its existence as an 
independent State, Bulgaria was at a 
very low level from the point of view 
of economic and cultural development; 
as a result there was very little passenger 
and goods traffic; on the other hand, in 
view of the geographical configuration 
of the country, most of the traffic must 
go by land. 

In view of this state of affairs, the 
creation of a railway system in Bulgaria 
was not inspired in the first place by 
the requirements of a traffic already in 
existence, but rather to achieve, by pro- 
gressively developing what traffic there 
was, a speedy and appreciable improve- 
ment in the economic conditions of the 
country and thereby encourage its gen- 
eral development. 

Thanks to the construction and oper- 
ation of several of the main lines, an 
appreciable improvement was obtained 
in the transport services in Bulgaria, 
first of all in the districts served by these 
lines, which in turn led to a general 
improvement, though this did not extend 
beyond the limits of the districts in 
question. 

This progress was the cause of the 
gradual increase in the amount of traffic 
owing to the extension of the system, the 
improvement of the services, and the 
reduction of the rates. This evolution 
in its turn encouraged the general deve- 
lopment of the country, especially from 
the economic and cultural points of 
view. 

Side by side with the development of 
the transport services and the general 
progress in Bulgaria, during the period 
from 1888 to 1938, the importance of-the 
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railways has also increased. Some idea 
of this may be obtained from the follow- 
ing figures : 
Average per inhabitant. 
nn 


Passenger-km. Tonne-km. 


Year. (pass.-miles). (ton-miles). 
ailfetste) (C9) By (Gel) U (CAS) 
1909 46 (28.6) 44 (26.9) 
1929 128 (79.5) WBS (72) 
Wa ec oe EP CML) 119 (72.7) 
Ratio 1937/1889. x 23 Sse ale 
The considerable increase in the 


amount of traffic, taken as an average 
per inhabitant, during the period in 
question, is due mainly to the increase 
in the mileage of lines in operation, the 
reduction of the rates, and the success- 
ful development of industry and_agri- 
culture in Bulgaria. 

We have given the information about 
the railway system and the transport 
rates; below we quote figures relating 
to industry and agriculture. 

The successful development of in- 
dustry is brought out by the following 
figures : 

Capital invested 


in industry (*) in gold-leva. 
Ca SU cr a 


Tota’ Average 
Year. (in millions). per inhabitant. 
1889 sree | ser 4 1 
[SOCIO EN: 91 16 
1937 300 44 


Owing to the fact that there was little 
industrial development in Bulgaria at the 
beginning of the period under review, 
railway transport of industrial products 
only represented a very small part of 
the total volume of traffic, whereas to- 
wards the end of this period, such trans- 
port represented 60 % of the total rail- 
way traffic in Bulgaria. 

The information given below about 
exports gives some idea of the successful 
development of agriculture. 


(*) Including the traffic on the private rail- 
Ways. 
(*) Excluding domestic industries. 
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Percentage of total Bulgarian 


exports. 
— Nn 
Fruit 
and ve- Animal 

Period. Cereals. getables. Tobacco. products. 
% % % % 
1886-1890. 92.4 0.4 0.1 0.7 
1891-1895. 94.8 0.6 0.1 0.6 
1906-1910. 90.9 1.0 0.3 ee 
1927-1931. 60.4 9.2 59 3.6 
1932-1936. 55.4 18.8 6.7 47 

These figures show that during the 


period in question the export of large- 
scale agricultural products has dimin- 
ished as that of the products of intensive 
farming increased. This favourable 
evolution of Bulgarian exports is pro- 
portional to the changes in agricultural 
tendencies in Bulgaria, especially under 
the decisive influence of the growth of’ 
the railways. 

The extension of the Bulgarian rail- 
way system and the reduction’ in trans- 
port rates has increased the inland 
market for agricultural products, espe- 
cially the products of intensive farming 
which are very perishable. This favour- 
able development has gone hand in hand 
with the successful development of in- 
ternational communications in general, 
which has extended the international 
market for Bulgarian agricultural pro- 
ducts, especially the very perishable 
products of intensive farming which can 
now be exported to relatively far off 
countries, 

The development of the railway in 
Bulgaria has had a very great and 
favourable influence both on the deve- 
lopment of other branches of trade in 
Bulgaria and on the cultural develop- 
ment of the country. For this reason the 
railways can be considered as one of 
the chief factors which have enabled 
Bulgaria to achieve such good results 
between 1888 and 1938 in her attempts 
to catch up with other countries of a 
higher economic and cultural level. 
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LAMALLE (U.), Ingénieur Civil des Mines, A. I. Lg., Assistant General Manager, Bel- 
gian National Railways Company. — Cours d’exploitation des Chemins de fer. Tome II: 
Exploitation technique. Signalisation (2° partie) (Railway Operating Course. Vol. I. 
Technical Operation. Signalling, Part 2). — A pamphlet (8 x 10 inches) of 72 pages, 
with 64 figures. — 1940; Louvain, Librairie Universitaire Ch. Uystpruyst, publisher. 


In the issue of the Bulletin for No- 
vember, 1938, we reviewed the first part 
of this course on railway signalling. It 
dealt principally with an examination 
of the signals usually employed, and the 
way in which they are used to protect 
points of danger on the line. 

This second part is devoted to me- 
thods of protecting running movements. 

In the first chapter the author ex- 
plains the different methods used _ to 
maintain a space interval between trains 
and ensure that they do not overtake 
one another. 

In the second he deals with ordinary 
block telegraph apparatus. The third 
and more detailed chapter describes the 
essential arrangement and working of 
the lock-and-block apparatus used in 
Belgium. Diagrams are given showing 
the principle of the interlocking between 
the block instruments and between them 
and the signals. The purpose and work- 
ing of the mercury rail-contact treadle 
are very clearly brought out. A detailed 
description of what is called in Belgium 
the « monocinetic » device, or « one 
pull » lever lock, enables the reader to 
understand quite easily how it renders 
it impossible for the signalman to clear 
his signal twice with one release from 
the signal box in advance. 

In chapter IV the circumstances which 
influence the choice of the length of 
block sections are explained. 

In chapter V are explained the appli- 


cation and working of the block appa- 
ratus in the principal cases met with, 


namely, a through running station, a sta- 
tion with accommodation for local goods 


service and shunting of trains, and a 
station where a train can take siding 
by shunting back or running straight in. 

The various meanings attributed to 
block signals are analysed and explained 
in chapter VI. 

Chapter VII, the longest of all, covers 
automatic block working. As is known, 
new installations of automatic signalling 
have made their appearance in recent 
years on the main lines and it is easy 
to understand why the author should 
have attached particular importance to 
the subject. After explaining the charac- 
teristics of the « normal clear » auto- 
matic signalling system and giving dia- 
grams illustrating its principles, follow- 
ed by the same treatment of the more 
complicated « normal danger » system, 
the author examines the various relays 
used and points out the means used to 
meet the danger resulting from the 
essentially permissive character of the 
signals. As a practical example he gives 
an installation of automatic three-posi- 
tion semaphore signals, worked by elec- 
tric motors, with a diagram showing the 
movements made by the signals as the 
train passes through several successive 
block sections. Finally, the author deals 
with the special arrangements necessary 
on electrically worked lines and gives 
a similar series of diagrams, but showing 
this time colour-light signals. All the 
above relates to double track lines. 

In a special section the author deals 
with the arrangements applicable to 
single-track lines, necessary to prevent 
trains from meeting each other head on. 

E. M. 


